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TRANSACTIONS. 


MIDLAND    INSTITUTE    OF    MINING,    CIVIL    AND 
MECHANICAL    ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Barnsley,  February  20th,   1907. 


Mr.  J.  R.  R.  WILSON,  President,  in  the  Chair. 


The  following  gentlemen,  having  been  duly  nominated,  were 
elected :  — 

Members- 
Mi*.  William  Badger,  Mechanical  Engineer,  Jagersfontein  Diamond  Mining 

Company,  Orange  River  Colony,  South  Africa. 
Mr.  John  Henry  Greaves,  Mining  Engineer,  69,  Westgate,  Wakefield. 
Mr.    Thomas   Wighton   Hood,   Engineer,   120,    East  Ferry  Road,  Millwall, 

London,  E. 
Mr.   Joseph  Jaggar,  Colliery  Manager,  Grange  Moor  Collieries,  Flockton, 

Wakefield. 
Mr.  T.  W.  Keillar,  Mining  Engineer,  Wortley,  Leeds. 

Student— 
Mr.   Norman  Samcel  Roberts,  Mining  Student,  Aldwarke  Main  Colliery, 
Rotherham. 


Mr.  R.  Sutcliffe  read  the  following  paper  on  "  The  Import- 
ance of  Scientific  Mining  in  the  Barnsley  District":  — 


MINING  IN   THE    BARNSLEY    DISTRICT. 


THE    IMPORTANCE    OF    SCIENTIFIC    MINING 
IN    THE   BARNSLEY   DISTRICT. 


By   R.    SUTCLIFFE. 


Miners  living;  but  very  few  miles  from  this  district,  and 
knowing  something  of  its  geological  features  must  often  envy 
those  who  are  surrounded  with  so  large  a  number  of  valuable 
coal-seams,  which  would  be  highly  prized  in  other  districts. 
especially  by  those  who  may  have  happened  to  be  connected 
with  the  working  of  seams  in  which,  if  a  man  has  a  long  pick- 
blade,  he  has  some  difficulty  in  turning  the  second  point  to  the 
coal  when  the  first  has  become  blunted.  To  men  employed 
in  the  getting  of  such  seams,  what  is  considered  in  the  Barnsley 
district  to  be  a  thin  seam,  would  to  them  appear  to  be  a  moderately 
thick  one.  For  clearness  in  this  paper,  the  writer  will  assume  all 
seams  under  3  feet  in  thickness  to  be  "  thin  seams  "  and  all  seams 
over  3  feet  to  be  "  thick  ones."  In  thinking  over  the  subject  of 
mining  in  the  neighbourhood  of  Barnsley,  one  cannot  always  say 
whether  the  thick  seam  bearing  the  name  of  the  toAvn  has  been  of 
that  great  benefit  to  the  locality  which,  under  other  circumstances, 
it  might  have  been.  However  this  may  be,  the  fact  that  it  is  being 
exhausted  in  the  neighbourhood  makes  it  necessary  for  miners. 
who  live  in  the  town,  to  travel  farther  afield  in  order  to  reach 
their  daily  work.  As  the  nearest  collieries,  now  at  work,  become 
worked  out,  if  the  thinner  seams  continue  to  be  neglected,  the 
daily  journey  of  the  miner  must  increase  unless  he  moves  into 
the  country;  and,  as  human  endurance  is  limited,  it  follows 
that  the  miner's  power  or  capacity  for  useful  or  productive  work 
will  be  proportionately  reduced.  A  good  service  of  trains  may 
exist  to  convey  the  workmen  to  and  from  their  work;  but  wait- 
ing, even  for  a  short  time,  for  a  train  to  move  so  starves  the  body, 
especially  after  a  day's  work  in  a  warm  mine,  that  it  is  question- 
able whether  this  train-accommodation  is  altogether  to  be  desired. 
Until  recently,  however,  these  disadvantages  were  probably 
unavoidable,   owing  to   a   great  extent  to   the   inability   of   the 
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ordinary  miner  who  has  served  a  large  portion  of  his  life  in 
a  thick  seam  to  adapt  himself  to  the  conditions  of  work  in  a  thin 
one,  and  to  the  length  of  time  required  for  him  to  reach  that 
degree  of  efficiency  which  would  enable  him  to  earn  a  fairly  good 
day's  wage  in  the  latter.  Of  course,  it  follows  that  the  sons  would 
go  with  the  father,  and  also  become  expert  in  the  work  of  the  thick 
seam  only.  If  this  be  so,  it  will  easily  be  seen  that  the  prospect  of 
utilizing  the  thin  seams  under  and  around  Barnsley  in  the  early 
future  is  not  very  promising,  unless  improved  methods  of  work- 
ing are  adopted.  In  addition  to  this,  the  difficulties  of  the 
colliery-owner  in  utilizing  thin  seams  cannot  be  ignored; 
because  many  departures  must  be  made  from  the  methods  adopted 
in  getting  thick  seams: — (1)  The  royalty-rent  payable  to  the 
landlord  should  be  much  more  than  proportionately  lower  than 
that  for  the  thick  seam — a  fact  not  always  readily  recognized  by 
the  landlord  or  his  agents.  (2)  If  the  colliery-owner  were  not 
doing  very  well  out  of  his  thick  coal,  he  could  hardly  expect  to 
improve  his  position  by  embarking  in  the  work  of  a  thin  one ; 
while,  if  he  was  doing  well  out  of  his  thick  one,  he  would  naturally 
"  let  well  alone,"  especially  as  he  would  have  to  meet  the  royalty 
question  just  referred  to,  with,  perhaps,  the  expiration  of  his 
lease  also  in  view.  (3)  He  would  have  to  procure  plant,  corves, 
etc.,  suitable  for  thin  seams,  and  work  these  while  his  plant, 
suitable  for  the  thick  seam,  might  be  lying  idle. 

When  it  is  remembered  that  the  total  thickness  of  coal 
underlying  Barnsley,  in  the  several  beds  which  are  known  to  be 
of  a  workable  thickness,  exceeds  40  feet,  it  seems  difficult  to 
understand  why  the  three  partners  in  the  business  could  not  come 
to  a  mutually  beneficial  understanding  and  unlock  this  vast 
amount  of  wealth,  instead  of  letting  the  grand  and  fascinating 
industry  of  coal-mining  glide,  slowly  it  may  be,  away  from 
the  town.  From  the  landlord's  point  of  view,  one  would  have 
thought  that  the  proverbial  half-loaf  would  be  better  than  no 
bread,  especially  as  the  working  of  thin  seams  seldom,  if  ever, 
injures  the  surface  in  uneven  country.  Colliery-owners,  too, 
often  have  shafts  sunk  through  thin  seams,  which,  if  away 
from  the  close  proximity  of  the  thick  coal-seam  for  which  the 
shafts  were  originally  sunk,  would  be  of  very  considerable  value  ; 
while  the  workmen,  even  if  they  were  obliged  to  take  rather  less 
wages,  would  find  a  great  advantage  in  having  their  work  within 
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easy  distance  from  their  place  of  abode,  and  consequently  would 
have  more  time  to  spend  at  their  homes  for  rest  and  recreation  aa 
well  as  being  able  to  avoid  the  disadvantages  of  either  long  walks 
or  train-journeys  to  or  from  work. 

Under  these  circumstances,  then,  it  is  perhaps  worth  while  to 
enquire  how  far  it  is  feasible  to  turn  some  of  the  thin  seams  which 
abound  in  the  neighbourhood  to  account.  These,  if  only  situated 
a  few  miles  distant  from  Barnsley,  would  be  of  much  importance,  if 
not  of  great  value.  In  order  to  show  that  many  of  the  thin  seams  in 
the  district  are  of  importance  to  the  three  parties  referred  to,  it  is 
only  necessary  to  say  that,  within  8  or  10  miles  of  Barnsley,  seams 
not  more  than  18  inches  thick  are  being  worked,  and  are 
at  least  paying  their  way  under  careful  management,  even  with- 
out the  mechanical  aids  obtainable  at  the  present  time.  And 
this  is  being  accomplished  even  where  the  cost  is  greatly  increased 
by  a  charge  of  at  least  8d.  per  foot  for  the  ripping  of  gates  36  to  60 
feet  apart,  and  by  the  payment  of  a  high  rate  for  tramming 
(owing  to  the  almost  universal  use  of  small  corves  in  these  thin 
seams).  In  some  districts,  for  instance,  in  parts  of  Scotland  and 
Ireland,  it  is  customary  to  cast  the  coal  to  the  gate-side  in  order 
that  it  may  be  filled  into  large-sized  corves ;  but  in  West  York- 
shire the  tubs  are  taken  through  the  working-faces  even  in  iltin 
seams,  with  the  result  that  corves  which  will  hold  only  3  cwts.  of 
coal  are  frequently  used.  And  it  is  not  uncommon  to  see  a 
miner,  lying  on  his  back  and  wedging  himself  between  floor  and 
roof,  push  a  corf  out  of  some  difficult  position  with  his  feet. 
Under  such  circumstances,  it  is  impossible  to  get  large  coal  into 
a  corf. 

The  majority  of  the  seams  around  Barnsley,  however,  are  not 
thin  enough  to  experience  these  disadvantages ;  as  many  of  them, 
such  as  the  Woodmoor,  Summer,  Abdy,  Kent  Thick  and  Beam- 
shaw  seams  (all  overlying  the  Barnsley  seam)  approach  3  feet 
in  thickness.  All  these  seams  have  the  advantage  of  being 
passed  through  at  various  places  by  sinkings  to  the  Barnsley 
seam ;  and  consequently  they  should  be  comparatively  free  from 
water.  Below  the  Barnsley  seam,  the  Swallow-wood,  Lidget, 
Thorncliffe  Thin,  Swilly  and  Silkstone  Four-feet,  all  thin  seams 
according  to  the  writer's  definition,  are  pierced  by  pits  in  the 
vicinity  sunk  to  the  Silkstone  seam.  In  this  list  the  writer  has 
omitted  the  Parkgate  seam,  as  he  does  not  class  it  amongst  the 
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thin  seams  in  the  Barnsley  district,  except  where  it  is  divided  by 
a  thick  band  of  dirt.  In  "West  Yorkshire,  the  Parkgate  or  Old 
Hards,  as  it  is  called  there,  a  very  valuable  seam,  is  divided  by 
no  less  than  30  feet  of  band,  and  the  lower  portion  of  it  is  being 
worked  down  to  15  inches  in  thickness.  In  mentioning  the 
thickness  of  15  inches,  the  writer  does  not  take  into  account  some 
4  to  6  inches  of  dirty,  useless  coal  found  next  to  the  roof,  known 
as  "  dross  "  or  "  lime  coal,"  which  is  invariably  cast  into  the 
goaf  when  there  is  room  for  it.  Seeing,  therefore,  that  so  many 
coal-seams  are  already  passed  through  in  this  populous  neighbour- 
hood by  shafts,  it  seems  a  pity  that  so  little  effort  is  being  made 
to  win  them,  even  though  some  of  the  pits  have  been  abandoned 
because  the  thick  seams  have  been  worked  out. 

In  this  rapid  survey  of  the  subject,  it  has  been  shewn  that 
formerly  much  could  be  said  for  leaving  the  working  of  these 
seams,  for  the  time  being,  in  abeyance.  This,  however,  is  no 
longer  so,  because  appliances  are  quickly  being  matured  and 
perfected  by  practice,  such  as  will  enable  the  thinner  seams  either 
to  be  got  concurrently  with  the  thicker  ones  (where  the  latter 
are  still  unexhausted),  or  through  the  abandoned  shafts  which 
have  pierced  them.  Had  capital  to  be  found  to  sink  pits  to  the 
thinner  seams  alone,  there  would  be  some  exeuse  for  not  troubling 
about  them  while  the  thick  ones  lasted ;  but,  where  shafts  already 
exist,  it  seems  strange  that  so  little  effort  is  made  to  get  them. 

It  may,  however,  be  almost  taken  for  granted  that,  when  the 
thin  seams  are  worked,  coal-cutters  will  be  employed  to  under-cut 
them,  and  conveyors  used  to  put  the  coal  into  corves  in  the 
gateways  or  pass-byes,  very  few  of  which  will  be  employed  or 
required.  In  this  way,  manual  labour  can  be  employed  in  the 
less  laborious  operations  of  coal-getting,  such  as  operating 
machines,  placing  the  coal  on  face-conveyors,  timbering,  etc., 
while  machinery  will  be  adopted  to  do  all  the  other  work.  In 
this  way  only  will  it  be  possible  to  work  thin  seams  on  anything 
like  a  favourable  basis  in  a  thick-coal  district,  where  miners  have 
not  been  trained  to  thin-coal  mining.  By  the  adoption  of  appli- 
ances now  available,  the  output  from  even  thin  seams  may  be 
made  to  approach  more  closely  to  that  of  the  thick  seams  than 
was  formerly  possible,  whilst  less  work  will  be  required  in  rip- 
ping gates,  which  then  become  unnecessary. 

It  has  already  been  mentioned  that,  in  getting  some  thin  seams 
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by  hand-labour,  it  was  necessary  to  rip  or  make  gateways  for 
every  30  to  60  feet  of  face.  Now,  with,  conveyors  at  the  face,  the 
distance  between  the  gateways  need  not  be  less  than  600  feet,  and 
the  main  gateways  may  be  1,000  or  1,200  feet  apart,  so  that 
every  gateway  may  be,  and  possibly  will  be,  an  engineplane  pro- 
ducing several  hundred  tons  of  coal  per  day.  In  many  ways 
this,  in  itself,  is  a  very  great  benefit  in  working  any  mine  at  the 
present  time.  The  fact  that  75  per  cent,  of  the  gateways  are  cut 
off  saves  the  cost  of  making  such  gateways,  of  the  daily 
examination  of  this  proportion,  and  of  the  rails,  sleepers,  nails, 
ventilation  and  general  repairs.  The  deputy,  being  relieved  from 
the  examination  and  care  of  75  per  cent,  of  the  gateways,  can 
bestow  more  time  on  the  coal-face,  and  on  getting  out  his  work, 
which  in  itself  is  often  of  much  importance.  Again,  the  cutting  off 
of  so  many  gateways  along  the  face  is  of  importance  where  coal- 
cutters are  used,  because  where  a  large  number  of  gateways  exist 
there  is  great  difficulty  in  keeping  the  gate-ends  clear  and  in 
finding  room  for  the  debris  produced  by  cutting,  which  accumu- 
lates between  the  pack-walls  and  the  coal-face — often  leaving  too 
small  a  space  for  expeditious  working,  and  sometimes  burying 
timber  which  would  otherwise  have  been  withdrawn. 

All  these  advantages,  however,  are  small  compared  with  the 
great  saving  in  labour.  The  getting  of  empty  tubs  into  a  coal- 
face, filling  them  there,  and  getting  them  out  of  the  face  and  on 
to  the  gate-rails  when  full,  is  neither  light  nor  pleasant  work 
in  any  mine,  no  matter  how  thick  the  seam  may  be,  but  is 
especially  laborious  work  in  a  thin  seam.  It  is  not,  therefore, 
surprising  that,  when  miners  become  even  slightly  acquainted 
with  the  working  of  face-conveyors,  they  do  not  wish  to  return  to 
tub- filling.  Objection  is  sometimes  raised  to  the  u.e  of  con- 
veyors in  a  seam  where  two  or  more  sorts  of  coal  are  filled 
separately  at  the  face ;  but  a  moment's  consideration  will  show 
that  any  such  circumstance  need  not  be  considered  detrimental 
to  the  working  of  them,  provided  that  they  are  worked  systemati- 
cally. At  present,  the  different  kinds  must  be  sent  out 
separately  by  first  filling  one  or  more  corves  with  one 
kind  of  coal,  and  then  one  or  more  corves  with  the  other  kind. 
The  same  rule  holds  good  in  loading  the  conveyors :  the  onty 
difference  being  that,  with  hand-filling,  each  man  may  fill  which- 
ever kind  of  coal  he  wishes,  irrespective  of  the  kind  which  others 
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may  be  filling ;  while,  Avith  a  conveyor,  every  filler  must  load  the 
same  kind  of  coal  at  the  same  time,  and  when  a  change  is  made 
from  one  kind  to  another,  no  filler  must  fill  the  new  kind  until 
the  whole  of  the  first  quality  on  the  conveyor  has  passed  him. 
This  will  cause  very  little  inconvenience,  as  the  fillers,  being  in 
touch  with  one  another,  can  readily  agree  at  what  time  the  change 
from  one  kind  of  coal  to  another  shall  take  place,  and  can  arrange 
that  the  attendant  at  the  head  of  the  conveyor  shall  change  the 
corves  at  that  time.  The  fact  that  a  corf  may  not  be  full  at  the 
time  when  the  change  is  made  may  appear  to  present  a  difficulty, 
but  this  is  more  apparent  than  real.  Flat-sheets  will  doubtless 
be  used  in  connection  with  conveyors,  and  a  partly-filled  tub  can 
easily  be  laid  aside  and  its  filling  completed  as  soon  as  the  kind 
of  coal  that  it  contains  is  again  sent  over  the  conveyor. 

Whilst  the  conveyor,  for  many  reasons,  seems  to  be  the  natural 
complement  of  the  coal-cutter,  it  is  also  applicable  for  use  in 
hand-holed  faces  where  a  good  or  fairly  good  roof  exists ;  and  it 
will  probably  revolutionize  the  getting  of  coal,  even  in  thick 
seams,  where  a  good  length  of  face  can  be  cut.  In  such  a  face, 
the  conveyor  may  be  fixed,  say,  4  feet  from  the  coal,  to  enable 
the  cutting  machine  to  remain  in  any  part  of  the  face  during  the 
filling  of  the  coal,  or  even  to  cut  the  coal  while  coal  in  other 
portions  of  the  face  is  being  filled.  This  is  an  advantage,  the 
effects  of  which  may  be  far-reaching.  It  certainl}-  overcomes  the 
inconvenience  of  compelling  the  machine  to  cut  exactly  from 
stable  to  stable,  and  no  more,  in  a  day :  thus  doing  away  with 
stables  in  or  along  the  face,  and  allowing  the  cut  to  be  made 
gradually  inwaid;  or  the  machine  may  be  pushed  into  position 
by  jacks  or  otherwise  while  cutting.  Further,  a  sufficient  number 
of  machines  can  be  put  on  a  face,  to  cut  any  length  of  coal  that 
may  be  desired.  Such  a  face,  say,  1,200  feet  in  length,  can 
be  dealt  with  by  two  conveyors  delivering  on  to  a  gate-conveyor , 
and  such  a  face,  5  feet  thick,  with  a  5  feet  undercut  would, 
in  round  numbers,  produce  1,000  tons  or  2,000  corves,  each 
holding  10  cwts.  To  deal  with  this  number  of  tubs  in  8 
hours  would  require  4  tubs  to  be  filled  per  minute.  This,  how- 
ever, is  only  the  capacity  of  one  face-conveyor,  which  not  only  can 
fill,  but  has  filled  similar  corves  at  the  rate  of  one  in  15  seconds. 

The  writer,  however,  is  dealing  with  thin  seams,  and  probably 
only  400  tons  of  coal  per  day  would  be  obtained  from   a  face 
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1,200  feet  long.  This  quantity  can  easily  be  dealt  with,  by  two 
conveyors,  each  600  feet  long,  delivering  on  to  a  gate-conveyor 
carrying  the  coal  to  the  corves  at  the  pass-byes.  The  latter  con- 
veyor may  be  of  any  length  and  capacity.  It  is  not  necessary  to 
refer  to  the  smaller  number  of  corves  required  under  this  system. 

It  will,  of  course,  be  readily  understood  that  the  pass-bye  will 
be  placed  at  the  delivery-end  of  the  conveyor,  and  it  will  be  as 
readily  conceived  that,  to  deal  with  even  400  tons  per  shift  in  a 
passage  or  gateway  with  either  horse  or  hand-labour,  is  no  easy 
matter ;  while  it  is  inconvenient  to  have  to  keep  shifting  up  the 
main-rope  haulage-wheel  at  short  intervals.  A  small  main-and- 
tail-rope  hauling-engine  could,  however,  be  placed  in  the  main 
pass-bye  at  the  return-wheel,  with  a  small  return-wheel  at  the 
conveyor-end  for  drawing  the  corves  between  the  conveyor  and 
the  engineplane  or  main  pass-bye. 

The  writer  has  designed  a  small  hauling-engine  to  deal  with 
this  class  of  work,  which,  he  thinks,  will  find  favour  with  colliery 
managers  even  for  more  extended  use.  It  is  suitable  for  endless- 
rope  haulage ;  and  the  rope,  contained  on  two  drums,  can  be 
readily  extended  as  the  gateway  lengthens.  It  can  be  operated 
by  compressed  air,  electricity,  or  from  the  return-wheel  shaft  of 
the  main  haulage-rope. 

It  has  been  already  stated  that,  where  hand-work  prevails, 
small  tubs  must  be  provided  if  thick  and  thin  seams  are  to  be 
worked  simultaneously ;  but,  where  conveyors  are  used,  this  is  un- 
necessary, as  the  large  tubs  may  be  employed  in  even  the  thinnest 
seams.  Every  colliery  manager  knows  the  trouble  incurred  at 
a  colliery  when  tubs  of  various  sizes  are  used  concurrently. 

Thirty  years  ago,  the  writer  used  coal-cutting  machines  in  a 
seam  18  inches  thick,  in  the  largest  colliery  in  Ireland,  where  the 
measures  dipped  1  in  5.  Sledges  were  used  at  the  face,  the  gate- 
ways were  spaced  135  feet  apart,  and  the  tubs  were  filled  in  the 
gateways.  As  a  consequence,  it  was  found  that,  if  the  average 
selling  price  of  the  coal  could  be  maintained  at  7s.  6d.  per  ton,  a 
fair  profit  could  be  made.  Unfortunately,  that  price  was  not 
obtained,  otherwise  the  colliery,  in  all  probability,  would  be 
working  still.  The  demand  did  not  reach  one-fourth  of  that 
expected :  consequently  the  coal-cutters  were  taken  out,  and  were 
afterwards  brought  to  England,  and  the  writer  believes  that  some 
of  them  are  working  in  Yorkshire  to  this  day  after  thirty  years' 
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service.  In  Yorkshire,  the  writer  has  worked  coal-seams,  with 
coal-cutters,  down  to  15  inches  in  thickness  at  a  profit,  and  in 
the  Barnsley  district,  he  is  interested  in  coal-cntters  working 
the  Abdy  seam,  which  he  has  no  hesitation  in  saying  is  admirably 
suited  for  such  machines.  Seeing,  then,  that  the  use  of 
machinery  for  getting  coal  is  no  longer  problematical,  and  that 
its  application  to  the  thin  seams  of  this  district  is  quite  feasible, 
the  wonder  is  that  coal-cutting  machines  have  not  been  more 
largely  used.  Notwithstanding  the  difficulties  already  referred 
to,  it  is  certain  that,  in  the  absence  of  thick  seams,  the  thin 
seams  found  in  the  district  would  become  valuable,  and  if  worked 
would  give  employment  to  a  large  number  of  people  as  well  as 
to   coal-cutters. 

It  is,  at  least,  of  some  interest  to  the  district  generally  that 
an  industry  so  long  established,  and  of  such  importance  as  coal- 
mining, should  not  be  allowed  to  decline  even  slowly  ;  and,  if 
this  is  to  be  prevented,  the  question  of  utilizing  some  of  the  seams 
now  lying  neglected  must  be  considered  in  earnest.  Fortunately, 
circumstances- in  the  neighbourhood  are  unusually  favourable 
for  this,  owing  to  the  numerous  abandoned  shafts  by  means  of 
which  access  can  be  obtained  to  the  thinner  seams  that  have  been 
entirely  ignored  by  the  former  proprietors,  and  now  lie  close  to 
these  shafts  waiting  to  be  operated  by  some  enterprizing  capitalist. 

The  writer  does  not  forget  that  thin  seams  in  the  Barnsley 
district  have,  from  time  to  time,  been  broken  into,  and  that  here 
and  there  attempts  have  been  made  to  turn  them  to  account,  but 
with  little  success.  Such  attempts,  however,  were  not  made 
either  in  the  manner  or  by  the  means  which  were  likely  to  be 
successful.  In  order  to  achieve  success  under  present  conditions, 
thoroughly  organized,  systematic,  and  energetic  management  is 
of  the  first  importance.  To  ensure  this,  the  staff  should  cou-i-t 
of  men  knowing  the  requirements  necessary  for  the  successful 
working'  of  up-to-date  methods  and  machinery.  The  courtesy 
and  fraternity  at  present  prevailing  amongst  Yorkshire  coal- 
owners  and  managers  greatly  facilitates  the  acquisition  of  these 
attributes  or  qualities  by  allowing  friendly  visits  by  interested 
officials  to  neighbouring  collieries ;  and  the  writer  hopes  that 
this  benevolent  spirit,  with  the  good  that  results  from  the  mutual 
interchange  of  ideas  and  suggestions,  will  long  prevail. 

Of  all  people,  the  working  miners  of  the  district  should  be 
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particularly  interested  in  the  opening  out  of  thin  seams.  The 
writer  has  already  remarked  that  it  is  doubtful  whether  the 
Barnsley  seam  is  of  that  great  benefit  which  it  might  have  been 
under  other  circumstances,  because  its  extreme  value  made  nearly 
all  the  other  seams  appear  almost  valueless ;  but,  from  the 
workers'  point  of  view,  he  thinks  that  the  thinner  seams  ought  to 
be  considered  of  greater  importance,  because  more  labour  must 
be  employed  to  produce  the  same  amount  of  coal. 

Even  with  modern  machinery  and  appliances,  it  can  hardly 
be  expected  that  a  man  in  a  seam  3  feet  thick  can  get  coal  as 
quickly  as  in  a  seam  10  feet  thick.  Under  these  circumstances, 
then,  can  the  aid  of  the  miner  be  counted  on,  in  developing  the 
numerous  thin  seams  which  are  found  in  the  district?  The 
writer  has  no  misgivings  on  the  matter,  and  unhesitatingly  says 
yes,  if  properly  dealt  with.  The  writer  has  been  amongst  the 
Barnsley  miners,  and  knows  many  of  them,  and  he  has  no  hesita- 
tion in  saying  that  there  are  quite  as  many  real  heroes  amongst 
them  as  amongst  any  other  miners  in  the  kingdom.  jSTo  person 
can  doubt  that  miners  all  over  our  land  are  real  heroes  in  case 
of  need,  when  the  numerous  calamities  which  have  occurred 
within  recent  times  are  recalled.  In  proof  of  this  statement, 
reference  need  only  be  made  to  one  case  :  not  many  miles  from 
Barnsley  an  accident  occurred  in  a  shaft,  and  several  men  were 
precipitated  from  a  scaffolding-  into  the  pit-bottom.  When  the 
rescuers  got  down  they  found  one  man  hanging  head  downwards 
on  a  crook,  which  had  caught  in  one  of  his  boots.  This  man 
knew  well  enough  that  if  his  bootlace  gave  way  it  was  instant 
death  for  him,  still  he  implored  the  rescuers  to  hasten  to  his 
mates  in  the  bottom,  and  relieve  them  before  releasing  him  from 
his  dangerous  position.  Should  not  such  heroism  be  printed  in 
letters  of  gold  ?  How  prevalent  such  cases  are  amongst  miners  in 
times  of  need !  Can  it  be  doubted  then  that  such  men  will  try 
to  assist  in  all  legitimate  enterprise  for  the  advancement  of  their 
calling,  and  the  good  of  all  around  them  ? 

Although  the  writer  has  not  mentioned  any  of  the  seams  of 
the  Lower  Coal-measures  (those  below  the  Silkstone  seam),  it  is  not 
because  he  attaches  no  importance  to  their  value,  but  because  it 
is  quite  unnecessary  to  go  to  the  expense  of  opening  out  and 
working  the  deeper  seams  when  so  many  exist  in  the  district  at 
much  shallower  depths.     It  is   well   known,   however,   that   the 
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lower  seams  play  an  important  part  in  a  large  area  of  the  West 
Yorkshire  coal-field,  where  the  Beeston  and  Black  Bed  seams 
are  extensively  worked.  Below  these  again  are  the  Halifax 
seams ;  these  seams  are  even  of  greater  extent,  reaching  to  the  far 
south  of  Ireland,  except  where  they  have  become  denuded,  and 
they  enter  largely  into  the  production  of  coal  in  Lancashire  as 
the  Mountain  mines. 


The  Presidext  (Mr.  J.  E.  R.  Wilson,  H.M.  Inspector  of 
Mines)  said  that  the  members  would  agree  with  Mr.  Sutcliffe,. 
when  he  stated  that,  to  achieve  success,  "  thoroughly  organized, 
systematic,  and  energetic  management  is  of  the  first  import- 
ance," whether  they  worked  coal  at  Barnsley  or  in  any  other  part 
of  the  country.  The  members  were  well  prepared  to  admit  that 
amongst  miners,  as  a  class,  there  were  real  heroes  ;  but  he  ques- 
tioned whether  a  man,  although  he  would  hang  down  a  shaft  at 
the  risk  of  his  life,  would  go  to  work  in  a,  seam,  2  feet  6  inches 
thick,  if  he  had  the  chance  of  working  in  a  seam  6  feet  thick. 
He  proposed  that  the  thanks  of  the  members  be  given  to  Mr. 
Sutcliffe  for  his  paper. 

Mr.  E.  W.  Thirkell,  in  seconding  the  vote  of  thanks,  said 
that  a  paper  was  written  by  the  late  Mr.  Robert  Millar,  sixteen 
or  seventeen  years  ago,  on  "  The  Coal-field  adjoining  Barnsley,"* 
and  it  would  be  interesting  to  compare  the  two  papers.  Mr. 
Millar  said  that  he  did  not  aim  at  a  very  great  deal,  but  he 
hoped  to  cause  people  to  think;  and  he  (Mr.  Thirkell)  agreed 
that,  if  they  could  get  people  to  think,  particularly  in  matters  of 
mining,  they  would  be  doing  good.  Mr.  Sutcliffe  would  cause 
people  to  think,  if  they  only  read  the  title  of  his  paper,  because 
some  engineers  thought  that  if  anybody  knew  anything  at  all 
about  getting  coal,  they  did  at  Barnsley,  and  also  how  to  get  it 
in  a  scientific  way.  But  with  the  Barnsley  seam,  engineers  did 
not  need  to  trouble  very  much  about  science  in  the  olden  day.-. 

Regarding  the  subject  of  Mr.  Sutcliffe's  paper,  the 
situation  was  hardly  that  the  seams  under  Barnsley  were  not 
valuable,  but  that  the  necessity  for  working  them  had  not  yet 
arisen.  Barnsley  engineers  were  quite  as  shrewd  as  others,  and 
they  would  not  let  valuable  mineral  property  be  lost  for  ever  as 
*  Tran*.  Inst.  M.  E.,  1890,  vol.  ii.,  page  7. 
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stated  by  Mr.  Millar  in  his  paper.  Mr.  Sutcliffe  and  everybody 
else  could  rest  assured  that  Barnsley  engineers  knew  full  well 
that  it  was  there,  and  that  they  were  only  waiting  for  the  proper 
time  to  work  it.  Bespecting  the  statement  that  appliances  were 
being  improved  and  perfected,  he  (Mr.  Thirkell)  said  that  was 
so,  but  they  were  not  yet  perfect,  and  when  they  were,  Barnsley 
engineers  would  bring  them  into  play  in  working  the  thinner 
seams.  He  quite  agreed  that  it  would  not  have  to  be  done  in  a 
half-hearted  way,  nor  would  it  be  advisable  for  somebody  in 
prosperous  times  to  start  to  work  a  thin  seam,  then  leave  it  and 
probably  ruin  it  and  himself,  and  he  also  agreed  with  what  was 
said  regarding  the  management,  which  must  be  "  thoroughly 
organized,  systematic  and  energetic." 

Officials  and  workmen  must  be  properly  educated  in  the  use  of 
the  machinery  to  be  applied,  and  trained  men  accustomed  to  the 
work  would  be  required.  Machinery  for  coal-cutting,  convey- 
ing, etc.,  required  skilled  men,  who,  by  long  practice,  were  able 
to  avail  themselves  of  every  advantage,  and,  notwithstanding 
Mr.  Sutcliffe's  belief  that  the  miners  in  the  district  could  be 
counted  upon  to  develop  the  thin  seams  ("  if  properly  dealt  with," 
whatever  that  meant),  it  was  no  disparagement  to  a  Barnsley 
collier  to  doubt  his  ability  to  compete  successfully  with  a  trained 
thin-coal  miner,  in  working  thin  seams.  There  was  no  disputing 
the  fact  that  coal-values  were  relative,  and  unless  they  could  put 
the  thin  seams  on  the  market  at  a  cheaper  rate  than  the  Barnsley 
seam,  they  would  prefer  to  have  the  Barnsley  seam ;  and  not  only 
that,  but  the  difference  in  price  between  the  Barnsley  and  other 
seams  would  have  to  be  such  as  would  equalize  at  least  all  the 
economies  brought  about  hj  the  use  of  elaborate  machinery,  both 
aboveground  and  belowground.  He  (Mr.  Thirkell)  believed  that, 
with  the  aid  of  machineiy,  seams  which  were  regarded  as  worth- 
less now  would,  in  time  to  come,  be  worked.  Several  of  the 
seams  contained  thin  bands  of  dirt,  which  made  it  impossible  to 
sell  the  coal  as  large  coal ;  but,  when  crushed,  washed  and  sized, 
it  could  be  utilized  for  coke-making  and  for  furnaces  specially 
made  for  firing  by  small  coal.  He  (Mr.  Thirkell)  was  sure  that 
these  seams  would  be  worked  when  the  time  came  :  a  living 
was  now  made  out  of  seams  that  our  fathers  considered  worthless, 
and  the  recovery  of  what  formerly  was  taken  as  waste  or  unpro- 
ductive, was  now  the  question  of  the  day.     The  members  could 
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see  what  was  being  done  in  this  respect  in  gas-works,  soap- 
works,  bye-product  plants,  etc.,  and  in  years  to  come,  those  who 
came  after  us  would  do  as  we  were  doing  now. 

In  Mr.  Millar's  paper,  which  dealt  principally  with  the 
seams  below  the  Barnsley  bed,  reference  was  made  to  the  diffi- 
culties to  be  met  with  in  dealing  with  the  water.  These  difficulties 
were  far  greater  to-day  than  when  Mr.  Millar  wrote  his  paper. 
The  water  in  the  old  shafts  probably  alluded  to  by  Mr.  Sutcliffe 
was  practically  at  a  level  with  streams  on  the  surface,  and  the 
question  was  one  which  the  mining  engineers  of  the  district 
had  long  had  under  consideration.  "When  they  looked  at  the  list 
of  members,  and  particularly  at  the  list  of  past-presidents,  the 
members  saw  a  list  of  mining  engineers  upon  whom  they  could 
depend  to  cope  with  these  difficulties  and  to  see  that  the  mineral 
wealth  under  Barnsley  was  not  wasted.  In  early  Parliamentary 
elections,  much  was  said  about  Barnsley  being  the  "  right  eye  " 
of  Yorkshire.  He  thought  that  the  members  could  take  it  for 
granted  that  when  the  time  came  for  the  seams  of  which  Mr. 
Sutcliffe  had  spoken  to  be  worked,  that  "  right  eye  "  would  be 
very  wide  open  indeed. 

Mr.  J.  L.  Marshall  said  that  he  agreed  with  the  spirit  in 
which  Mr.  Sutcliffe's  paper  had  been  written,  but  the  members 
were  also  bound  to  agree  with  Mr.  Thirkell's  views  as  to  the 
difficulty  of  the  present  development  of  these  thin  seams.  The 
time  for  their  working  had  not  yet  arrived ;  but.  when  it  did,  he 
thought  that  the  seams  would  be  worked  with  the  aid  of  coal- 
cutters, coal-washers  and  coal-conveyors.  He  asked  whether  the 
writer  had  had  experience  of  the  use  of  conveyors  in  thin  seams 
with  soft,  spongy  bottoms  and  similar  tops. 

Mr.  H.  Rhodes  thought  that  the  key  of  the  position  lay  in 
the  question  of  average  selling-price.  If  the  average  selling- 
price  could  be  maintained  at  2s.  or  3s.  a  ton  more  than  was 
obtained  at  present,  almost  any  seam  might  possibly  pay  to  work, 
assuming*  that  the  wages-rate  remained  the  same.  It  might  be 
taken  as  certain,  however,  that  the  wages  would  increase  as  the 
selling-price  increased.  In  abnormal  times  any  seam  would  pay, 
but  such  a  subject  as  this  could  only  be  dealt  with  on  a  normal 
basis ;  and,  when  the  thin  seams  had  to  be  worked  in  competition 
with  the  thicker  seams,  in  these  days  it  would  be  impossible  to 
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work  tliem  successfully  unless  they  were  so  specially  situated  as 
to  obtain  some  exceptional  advantages  in  the  selling-price.  If 
Mr.  Sutcliff e  looked  further  into  the  matter,  he  would  find  that  he 
was  hardly  correct  in  stating  that  the  thin  seams  above  the 
Barnsley  bed  would  be  comparatively  free  from  water.  If  he 
(Mr.  Rhodes)  was  not  mistaken,  many  of  them  were  water-logged 
at  the  present  time ;  and,  in  several  instances,  their  working  had 
bi>en  abandoned  owing  to  the  water-difficulty. 

Mr.  W.  "Walker  (H.M.  Inspector  of  Mines)  said  that  the 
statement  that  no  thin  seams  were  being  worked  in  the  Barnsley 
district  was  hardly  correct,  as  thin  seams  were  being  worked 
at  Barrow,  Dodworth,  and  other  collieries.  It  seemed  to  him 
very  desirable  that  the  thin  seams  should  be  worked  simultan- 
eously with  the  thick  seams,  and  it  would  be  an  encouragement 
if  royalties  could  be  arranged  on  a  tonnage-basis,  in  proportion 
to  the  thickness  and  qualities  of  the  seams. 

Mr.  H.  B.  Nash  said  that,  in  1892,  he  read  a  short  paper  before 
the  Barnsley  Naturalist  and  Scientific  Society  on  "  The  Un- 
worked  Coal-seams  of  Barnsley  and  District,''  and  he  then  stated 
that,  owing  to  the  difference  in  their  thickness,  their  inferior 
quality  and  their  enhanced  cost  of  working,  they  could  not  be 
successfully  worked  in  competition  with  the  thicker  and  more 
valuable  Barnsley  bed.  On  that  account  their  development  had 
been  comparatively  slow,  but  sufficient  had  been  done  to  show 
that  a  very  valuable  coal-field  remained  to  be  developed  and 
worked,  as  time  and  circumstances  warranted.  He  thought  that 
statement  met  the  whole  of  Mr.  Sutcliffe's  arguments,  as  the 
time  had  not  arrived  for  the  successful  working  of  these  seams. 
When  the  time  came,  the  necessary  appliances  would  be  utilized ; 
although  the  experience  of  the  last  few  years  in  the  matter  of 
these  thin  seams  had  not  been  such  as  to  induce  any  capitalist  to 
take  them  in  hand. 

Mr.  T.  W.  H.  Mitchell  said  that  the  miner  whom  Mr. 
Sutcliff'e  praised  so  much,  and  who  did  display  courage  in  times 
of  stress  and  danger,  forgot  himself  at  such  times  and  went  to 
the  succour  of  his  companions ;  but  in  times  of  arranging  price- 
lists  he  went  for  himself  as  against  his  employer.  In  two  or 
three  eases,  where  the  upper  seams  had  been  tried  in  pits  in 
which  the  thicker  seams  had  been  nearly  exhausted,  wages  had 
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"been  the  great  obstacle  to  successful  working.  In  his  opinion, 
the  miners  of  Barnsley  would  have  to  learn  to  work  in  thinner 
seams,  and  in  so  doing  must  expect  the  wages  to  be  less.  The 
workmen  ought  to  consider  that  their  proportion  of  the  develop- 
ment of  the  thinner  seams  was  given  in  the  lesser  wages  that  they 
would  accept,  whilst  the  landlord  would  have  to  take  less  money 
for  his  royalty,  and  the  owner  would  take  his  smaller  profits. 
Mr.  Marshall  had  referred  to  the  working  of  seams  with  soft 
bottoms.  He  had  known  one  or  two  instances  where  a  road  had 
been  left  beautifully  clear  at  the  end  of  a  shift,  but  when  the 
miner  wished  to  return  to  his  work  he  could  not  get  in  because 
the  roof  and  the  floor  were  practically  meeting;  and  some 
method  must  be  devised  for  dealing  with  that  difficulty.  Mr. 
Sutcliffe  had  stated  that  the  working  of  thin  seams  would  not 
injure  the  surface :  unfortunately,  he  (Mr.  Mitchell)  had  had  a 
different  experience  in  the  working  of  a  bed  of  clay  at  about  the 
same  depth  from  the  surface  as  the  thinner  seams  referred  to  in 
Mr.  Sutcliffe 's  paper. 

Mr.  T.  Gill  said  that  he  was  afraid  that  some  of  the  seams 
under  Barnsley  were  not  so  valuable  as  Mr.  Sutcliffe  represented 
them  to  be.  He  knew  a  place  in  the  borough  of  Barnsley,  where 
the  Silkstone  seam  was  worked  and  it  had  not  a  very  profitable 
section.  It  consisted  of  inferior  coal,  2  inches ;  top  coal,  1  foot 
7  inches ;  dirt,  8  inches ;  coal,  4  inches ;  dirt,  1  foot  2  inches ; 
and  bottom  coal,  9  inches.  The  4  inches  of  coal  were  of  very  little 
use,  as  splitting  it  off  and  picking  out  the  dirt  was  not  worth  the 
trouble,  so  that  only  2  feet  4  inches  of  coal,  together  with  2  feet 
4  inches  of  dirt,  was  left.  It  had  been  proved  that  the  Silkstone 
seam  under  Barnsley  deteriorated  in  quality  as  it  extended  east- 
ward. Therefore,  in  his  opinion,  the  Silkstone  seam  under 
Barnsley  was  not  worth  working  at  the  present  day. 

Mr.  R.  Sutcliffe,  replying  to  the  discussion,  said  that  his 
chief  point  was  that  the  thin  seams  should  be  worked,  rather  than 
that  the  collieries,  from  which  thick  seams  had  been  extracted, 
should  be  abandoned.  He  was  strongly  convinced  that  the  thin 
seams  were  valuable. 


Mr.  N.  \V.  Routledge's  paper  on  "  The  Most  Suitable  Form 
of  Guides  for  Cages  for  Winding  from  Deep  Shafts :  1,500  Feet 
and  Deeper,"  was  read  as  follows:  — 


16  GUIDES    FOR    CAGES. 


THE  MOST  SUITABLE  FORM  OF  GUIDES  FOR  CAGES 
FOR  WINDING  FROM  DEEP  SHAFTS:  1,500  FEET 
AND  DEEPER,* 


By  N.  W.  ROUTLEDGE. 


In  selecting'  the  form  of  guides  to  be  adopted  in  a  deep  shaft, 
the  mining  engineer  is  governed  by  many  considerations.  He 
is  confined  practically  to  two  forms :  the  rigid  and  the  flexible. 
In  the  former  class,  he  may  have  "wooden  guides,  iron  or  steel 
rails,  and  H  or  T -section  girders;  and  in  the  latter,  he  has  the 
choice  of  wire-rope  or  round-iron  rods. 

Wire-rope  Guides. — The  writer  considers  that,  under  ordinary 
circumstances,  wire-ropes  are  the  best  kind  of  guide  for  a  deep 
shaft.  The  advantages  are  simplicity,  smooth  running  of  the 
cage,  little  risk  of  derailment  and  long  life.  The  disadvantages 
are  increase  of  weight  on  the  headgear,  and  sag-  or  sway  in  the 
shaft,  necessitating  more  clearance  in  the  shaft  than  with  rigid 
guides. 

The  usual  construction  of  guide  up  to  4J  inches  in  circum- 
ference contains  seven  wires ;  and  over  this  size,  up  to,  say,  §\ 
inches  in  circumference,  twelve  wires  are  twisted  together.  For 
still  larger  sizes,  they  are  made  in  the  form  of  a  rope,  that  is, 
six  strands  of  seven  thick-drawn  wires  are  laid  together.  In 
selecting  the  size  to  instal,  care  must  be  taken  to  make  allow- 
ance for  the  weight  of  the  rope,  for  the  weight  hung  on  it,  and 
for  the  wear  of  the  guide. 

The  large  wires  give,  as  compared  with  an  ordinaiy  rope, 
increased  wearing  surface  and  a  longer  lapse  of  time  before  the 
wires  are  worn  through.  The  best  guides  are  made  of  charcoal- 
iron,  but  this  being  practically  unprocurable,  they  are  usually 
made  of  dead  soft  steel. 

*  This  student's  prize  essaj*  is  printed  in  the  Transactions  at  the  special 
request  of  the  Council  of  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers. 
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Fixing  the  Guides. — There  are  several  methods  of  fixing 
guides,  the  most  usual  being  as  follows  :  one  end  of  the  rope  is 
clamped  in  the  headgear,  by  a  specially  made  clamp,  AB,  to 
suit  the  size  of  rope,  and  after  passing  through  a  baulk  or  girder, 
C  (figs.  1  and  2,  plate  ii.),  the  rope  hangs  down  the  shaft  as  far 
as  the  sump.  In  this  method  of  clamping  the  rope,  it  is  passed 
through  an  eye-hole  or  baulk  to  give  it  steadiness ;  and  a  weight 
of,  say,  5  or  6  tons  to  give  tension,  and  as  far  as  possible  to 
prevent  sway,  is  hung  on  the  end.  Fig.  3  (plate  ii.)  shows  an 
arrangement  in  the  sump  with  the  attached  weights.  The 
weights  are  most  conveniently  handled  when  built  up  of  a  series 
of  small  blocks  weighing  5  or  G  cwts.  each.  It  is  important  that 
the  weights  should  not  be  submerged  in  water,  otherwise,  their 
weight,  and  therefore  their  efficiency,  would  be  decreased  in 
proportion  to  the  weight  of  water  displaced.  TThere  the  sump 
is  shallow,  or  not  roomy,  a  system  of  levers  might  be  adopted  to 
decrease  the  size  of  the  weight.  In  another  arrangement,  the 
rope  is  clamped  in  the  sump,  and  the  weight  put  on  at  the  surface 
(fig.  4,  plate  ii.) :  this  takes  up  all  variation  in  length  due  to 
stretch,  or  difference  in  temperature.  One  weight  may  also  be 
made  to  suffice  for  two  ropes. 

Life  of  Guides. — The  life  of  the  guides  varies  under  different 
conditions  from  a  few  years  up  to  20  years.  The  chief  factors 
are  atmospheric  conditions,  whether  the  shaft  is  wet  or  dry,  and 
whether  there  is  any  acid  in  the  shaft.  Any  or  all  of  these  com- 
bined might  cause  the  guides  to  corrode  very  quickly.  The 
writer  suggests  a  system  whereby  lime-water,  or  some  other 
alkali,  could  be  constantly  applied  to  the  guides  to  neutralize 
the  acid. 

Shoes  or  Runners. — Fig.  5  (plate  ii.)  shows  an  ordinary 
runner  for  rope-guides.  They  are  made  12  or  14  times  the 
diameter  of  the  rope  in  length,  and  are  lined  with  brass :  the 
liner  being  renewable.  The  runners  are  bolted  to  the  side  of 
the  cage.     Boilers  have  been  tried,  but  do  not  give  satisfaction. 

Position  of  Guides. — The  position  of  the  guides  varies  accord- 
ing to  the  size  of  the  cage,  and  according  to  the  local  circum- 
stances met  with  in  the  shaft.     The  writer  favours  the  use  of 
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four  guide-ropes  to  each  cage,  fixed  practically  at  the  corners 
with  rubber  ropes  (afterwards  described)  between  the  cages  (fig. 
6,  plate  ii.).  These  are  similar  in  construction  to  the  guide-ropes, 
and  are  fixed  in  the  same  manner  at  bank  and  in  the  sump.  They 
are  not  in  any  way  connected  to  the  cages,  but  are  simply  used  as 
a  buffer  between  the  cages  at  meetings  and  for  the  cages  to  rub 
against  when  winding.  Blocks  of  wood  are  attached  to  the 
cages,  so  as  to  make  sliding  contact  with  these  ropes. 

Clearance. — The  writer  considers  that  it  is  of  more  importance 
to  have  clearance  between  the  cage  and  the  shaft-side  than 
between  the  cages  at  meetings.  Where  rubber  ropes  are  used, 
there  is  no  danger  of  collision;  but,  should  the  cage  catch  the 
shaft-side,  irreparable  damage  may  be  done.  A  clearance  of 
about  18  inches  may  be  left  between  the  cage  and  the  shaft- 
side,  but  the  writer  would  let  the  cages  make  the  contact  with 
the  rubber  ropes  as  nearly  constant  as  possible. 

Vibration  and  Sway. — The  vibration  of  the  ropes  produces 
swaying  of  the  cages,  and  it  is  impossible  to  apply  sufficient 
tension  on  the  guides  to  obviate  this  disadvantage.  Mr.  Charles 
Snow,  at  South  Kirkby  colliery,  uses  a  very  ingenious  arrange- 
ment, which  has  proved  satisfactory.  He  has,  by  varying  the 
weights,  tuned  up  the  ropes  to  different  tensions ;  thereby,  the 
vibrations  producing  the  sway  are  of  different  periods,  and  tend 
to  counterbalance  each  other. 

Extra  Weight  on  Headgear. — The  weight  of  the  guides, 
together  with  that  of  the  weights  hanging  at  their  ends,  applies 
an  additional  stress  on  the  headgear,  which  must,  in  consequence, 
be  specially  designed  to  resist  safely  the  increase  of  weight.  As 
an  example :  eight  guide-ropes,  4i  inches  in  circumference,  1,500 
feet  long  (weighing  6f  pounds  per  foot),  with  eight  weights  of  5 
tons  each,  puts  a  weight  of  75J  tons  on  the  headgear.  With  two 
rubber  ropes,  similar  in  size,  the  weight  would  be  increased  to  94 
tons.  It  will  at  once  be  recognized  that  this  is  a  tremendous  in- 
crease, when  compared  with  a  headgear  which  has  only  to  carry 
the  weight  of  the  cages,  etc. 

The  writer  suggests  that  some  member  should  draw  a  paral- 
lelogram of  forces,  and  find  the  position  of  the  backstay  on  the 
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headgear.     If  the  weight  of  the  guides,  etc.,   be  included,  the 
resultant  is  at  a  very  singular  angle  to  apply  a  backstay. 

Arrangement  of  Ropes. — Fig.  6  (plate  ii.)  shows  an  arrange- 
ment for  rope-guides  in  conjunction  with  rubber  ropes,  and  gives 
the  writer's  ideas  with  regard  to  their  positions  for  deep  and 
rapid  winding.  Four  guide-ropes,  A,  are  applied  to  each  cage, 
B  ;  two  rubber  ropes,  C,  are  placed  between  the  cages ;  and  two 
wooden  blocks,  D,  engage  the  rubber  ropes.  The  limit  of  clear- 
ance might  be  taken  at  8  inches  between  the  sides  of  the  cages, 
and  at  18  inches  between  the  corners  of  the  cages  and  the  shaft- 
side. 

The  guides  should  be  kept  well  lubricated  ;  and  attention  to 
this  item  will  prolong*  their  life  and  reduce  friction. 


Mr.  A.  J.  Kennedy's  paper  on  "  The  Most  Suitable  Form  of 
Guides  for  Cages  for  Winding  from  Deep  Shafts  :  1,500  Feet  and 
Deeper,"  was  read  as  follows:  — 
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THE  MOST  SUITABLE  FORM  OF  GUIDES  FOE  CAGES 
FOE  WINDING  FEOM  DEEP  SHAFTS:  1,500  FEET 
AND  DEEPEE.* 


By  A.  J.  KENNEDY. 


I. — Introduction. 

TYTien  dealing  with  winding  or  any  other  question  relating 
to  the  practical  working  of  a  colliery,  three  main  considerations 
are  to  be  taken  into  account :  namely,  safety,  efficiency  and 
economy  ;  and  it  is  essential  that  all  three  conditions  should  be 
satisfied  by  the  best  form  of  guide  for  deep  shafts.  The  first 
two  naturally  go  together:  for,  in  most  instances,  where  almost 
perfect  safety  has  been  realized,  the  standard  of  efficiency  has 
been  as  high.  Therefore,  when  undertaking  any  kind  of  work 
wherein  the  safety  of  either  men  or  animals  is  affected,  these  two 
conditions  must  always  be  maintained,  even  in  the  face  of 
economy  if  necessary.  But  economical  working  can  generally 
be  realized  without  loss  of  either  safety  or  efficiency,  if  proper 
means  are  used. 

In  order  to  discuss  this  particular  question  in  an  easy  and 
simple  manner,  the  best  plan  will  be  to  take  a  practical  example 
such  as  the  following :  — It  is  desired  to  wind  2,000  tons  from  a 
depth  of  2,400  feet  in  8  hours.  All  other  considerations,  such  as 
the  size  of  shafts,  etc.,  are  left  to  the  discretion  of  the  engineer. 

This  big  tonnage  will  undoubtedly  necessitate  the  sinking  of 
a  shaft  of  large  diameter.  Let  it  be  supposed  that  a  shaft, 
about  18  or  20  feet  in  diameter,  will  be  required,  varying  in  size 
according  to  the  kind  of  conductor  employed.  Therefore  the 
engineer  is  faced  with  the  problem  "  What  is  the  most  suitable 
form  of  guides  for  cages  for-  winding  from  a  shaft  2,400  feet 

*  This  student's  prize  essay  is  printed  in  the  Transactions  at  the  special 
request  of  the  Council  of  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers. 
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deep  ?"  He  has  not  many  kinds  to  choose  from,  since  there  are 
only  three  distinct  types  of  guides  :  (1)  "Wooden  guides,  (2)  steel 
guides,  and  (3)  flexible  rope  guides. 

As  each  case  has  to  be  decided  upon  its  own  merits,  they  mnst 
be  taken  separately,  and  an  approximate  estimate  formed  of 
their  cost  and  suitability.  All  oth^r  details  remain  the  same, 
except  where  the  type  of  guide  used  requires  a  modification  in 
the  construction  of  the  cage.  The  cage  adopted  is  shown  in 
figs.  1  and  2  (plate  iii.).  It  will  be  seen  that  it  is  of  modern 
construction,  and  made  for  carrying  a  counterbalance-rope.  The 
advantages  of  this  device  are  now  fully  recognized,  and  will  be 
considered  later. 

II. — "Woodex  Geides. 

The  first  thing  to  be  considered  is  the  position  of  the  guides 
with  relation  to  the  cage.  The  complete  arrangement  is  shown 
in  fig.  3  (plate  iii.)  with  two  guides.  A,  placed  at  each  end  of 
the  cage,  B,  on  account  of  its  width.  This  arrangement  makes 
it  necessary  to  have  extra  guides,  C,  at  the  surface  and  at  the 
pit-bottom,  because  the  shaft-guides  must  terminate  before 
reaching  the  landings  in  order  to  clear  the  ends  of  the  cage. 

The  necessary  amount  of  clearance  between  the  cages,  when 
rigid  guides  are  used,  is  obviously  small,  since  little  or  no  oscilla- 
tion can  take  place.  In  practice  it  varies  from  3  to  12  inches, 
and,  in  this  case,  the  clearance  is  9  inches. 

The  cage-shoes,  made  of  cast  steel,  are  bolted  to  the  ends 
of  the  cage,  on  the  top  and  bottom  hoops  (figs.  4  and  5,  plate  iii.). 

The  method  of  fixing  wooden  conductors  together  and  to  the 
buntons  is  shown  in  figs.  6  and  7  (plate  iii.). 

In  order  to  ensure  perfect  safety  with  wooden  guides,  the 
timber  used  must  be  of  the  best  quality,  free  from  knots,  of 
straight  grain,  and  able  to  take  up  a  large  amount  of  lubricant 
to  maintain  smooth  running.  At  the  same  time  the  cost  must 
not  be  excessive.  The  timber  which  has  satisfied  all  these  con- 
ditions is  pitchpine.  If  it  is  sawn  and  planed  correctly  with  the 
grain,  splintering,  which  has  been  the  cause  of  some  serious 
accidents,  can  be  entirely  avoided. 

The  next  consideration  is  the  efficiency  of  the  wooden  guide. 
A  large  number  of  mining  engineers  of  repute  have  stated,  no 
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doubt  correctly  according  to  their  own  experience,  that  wooden 
guides  only  last  from  two  to  five  years.  But  this  period  can  be 
extended  to  at  least  15  to  20  years  if  the  guides  are  greased, 
thoroughly  and  regularly,  every  fortnight. 

"With  regard  to  economy,  the  following  is  an  approximate 
estimate  of  the  cost  of  fitting  up  a  shaft,  18  feet  in  diameter 
and  2,400  feet  deep,  with  conductors,  etc.,  as  shown  in  figs.  3,  4, 
5,  6  and  7  (plate  iii.) :  — 

£     s.      d.  £     s.     d. 

Materials : 

Buntons,  8,400  lineal  feet  at  4|d.  per  foot 
Stays,  600  cubic  feet  at  Is.  3d.  per  cubic  foot     ... 
Conductors.  4.800  cubic  feet  at  Is.  3d.  per  cubic  foot 
10  per  cent,  for  joining  pieces 
Cast-iron  boxes,  27  tons  at  £8  per  ton     ... 

Labour  : 

Sawing,  planing  and  fitting  buntons,  etc. 
Sawing,  planing  and  fitting  conductors  ... 


Total 


III. — Steel-rail  Guides. 

Steel-rail  guides  are  largely  used  on  the  Continent,  but  in 
this  country  they  have  not  found  quite  so  much  favour.  If 
steel-rail  guides  were  used  in  the  shaft  already  mentioned,  the 
following  arrangement  might  be  adopted  :  Four  rail  guides,  A, 
weighing  20  pounds  per  foot,  placed,  two  at  either  side  of  the 
cage,  B.  In  the  middle,  they  are  clamped  to  steel  joists,  C, 
and  at  the  sides  to  cast-iron  sleepers,  D,  bolted  to  wooden 
buntons,  E.  The  vertical  distance  between  the  centre  of  the 
joists  or  of  the  buntons  is  10  feet;  and  the  rails,  forming  the 
guides,  are  in  lengths  of  30  feet.  This  is  the  only  arrangement 
permissible,  since  rail  guides  are  not  suitable  for  fixing  at  the 
ends  of  the  cage.  The  arrangement  is  shown  in  figs.  8,  9,  10, 
11,  12,  13,  14  and  15  (plate  iii.). 

This  type  of  guide  lasts  about  fifteen  years ;  but,  in  some 
cases,  it  has  been  known  to  fail  at  the  web  in  a  shorter  time, 
owing  to  the  wear  of  the  shoes  at  this  point. 

The  approximate  cost  for  fitting  a  shaft,  18  feet  in  diameter 
and  2,400  feet  deep,  is  as  follows :  — 
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£ 

s. 

d. 

£      s.      d. 

Materials : 

Rails,  17 1*4  tons  at  £6  per  ton     ... 

1,028 

S 

0 

Joists,  8  inches  by  3  inches,  15 -6  tons  at  £6  per 

ton 

93 

12 

0 

Wooden  buntons,  6  inches  square,  400  cubic  feet 

at  Is.  3d.  per  cubic  foot 

25 

0 

0 

Cast-iron  sleepers,  3  tons  at  £9  per  ton 

27 

0 

0 

5  per  cent,  for  waste 

58 

0 

0 

1,232     0     0 

Labour  : 

Cutting  and  fitting  joists,  buntons,  etc. 

500 

0 

0 

Fitting  conductors  ... 

400 

0 

0 

900     0     0 

Total      £2,132     0     0 


IV. — Rope  Guides. 

This  system  is  very  popular  amongst  British  mining  engineers. 
At  first  sight  the  cost  appears  to  be  very  low,  but  this  is  by  no 
means  the  case  when  everything  is  taken  into  account. 

Owing  to  the  flexible  nature  of  the  guide  there  is  a  large 
amount  of  oscillation.  This  can  be  reduced  to  a  minimum  by 
using  a  tall  rope  under  the  cages ;  and,  in  some  cases,  this 
device  has  been  found  to  be  absolutely  necessary  to  prevent 
bumping  at  meetings,  even  when  curtain  ropes  are  in  use.  But 
even  with  a  tail  rope,  in  a  shaft  2,400  feet  deep,  at  least  18 
inches  of  clearance  between  the  cages,  and  12  inches  between 
the  cages  and  the  sides  of  the  shaft  must  be  allowed.  This 
necessitates  the  sinking  of  a  shaft  20  feet  in  diameter.  The 
difference  in  cost  for  this  larger  shaft  will  be  at  least  £1  per 
foot,  which  must  be  added  to  the  cost  of  fitting  rope  guides. 

The  advantages  claimed  for  this  system  are :  - — (1)  Easy 
fitting  up  and  working;  (2)  freedom  of  expansion  or  contrac- 
tion; (3)  a  clear  shaft;  (4)  lessened  first  cost;  and  (5)  longer 
life  than  any  other  type  of  guide.  The  first  three  advantages 
are  undoubtedly  obtained,  but  the  fourth  is  quite  incorrect,  as 
will  be  shown  later. 

There  is  a  great  diversity  of  opinion  with  regard  to  the 
life  of  a  rope  guide.  Instances  are  quoted  where  rope  guides 
have  lasted  over  30  years.  But  they  are  the  exception,  and  not 
the  rule,  as  the  writer  discovered  when  making  inquiries  amongst 
enginewrights  who  had  had  the  handling  of  them.  They  stated 
that  5  to  10  years  was  the  average  life  of  a  rope  guide. 
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Figs.  16,  17,  18,  19,  20,  21  and  22  (plate  iii.)  show  the  details 
of  the  various  arrangements. 

The  estimated  cost  of  fitting  a  shaft,  20  feet  in  diameter  and 
2,400  feet  deep,  with  rope  guides,  is  as  follows:  — 

£      s.      d.  £      s.      d. 

Materials  : 

Ropes,  42-4  tons  at  £30  per  ton 1,272     0     0 

Cast-iron  weights,  24  tons  at  £8  per  ton  ...       192     0     0 

1,464    0     0 


Labour  : 

Fitting  guides,  etc.  50     0     0 

Sinking: 

Extra  cost  of  sinking  at  £1  per  foot        2,400     0     0 


Total     £3,914    0    0 


Y. — Conclusions. 

As  each  system  has  now  been  considered,  it  only  remains  for 
the  best  to  be  selected. 

So  far  as  safety  is  concerned,  all  three  methods  have  been 
laid  out.  in  such  a  way  that  the  maximum  safety  has  been 
obtained  in  each  case,  so  that  it  may  be  justly  and  correctly  said 
that  they  are  all  as  safe  as  it  is  possible  for  anything  to  be,  and 
that  no  comparison  can  be  formed  on  this  point. 

The  next  point  to  be  considered  is  the  relative  efficiency. 
Summed  up  as  briefly  as  possible,  the  life  of  each  system  is  as 
follows  :  — (1)  AVooden  guides,  15  to  20  years ;  (2)  steel-rail 
guides,  15  to  20  years  :  and  (3)  rope  guides,  5  to  10  years.  This 
shows  that  wooden  or  steel-rail  guides  are  the  most  economical, 
so  far  as  efficiency  is  concerned. 

The  relative  costs  are  as  follow: — (1)  Wooden  guides, 
£1,400  ;  (2)  steel-rail  guides,  £2,132  ;  and  (3)  rope  guides,  £3,914. 
From  these  figures  it  is  proved  that  wooden  guides  are  by  far 
the  most  economical. 

Therefore,  according  to  the  general  principle  of  analysis,  as 
regards  safety,  all  three  systems  are  equal  in  merit;  as  regards 
efficiency,  wooden  or  steel-rail  guides  excel ;  and  wooden 
guides  are  the  cheapest.  So  that,  to  sum  up  the  situation  in  a 
few  words,  pitchpine  guides  are,  by  reason  of  their  safety, 
efficiency  and  economy,  "  the  most  suitable  form  of  guides  for 
cages  for  winding  from  deep  shafts :   1,500  feet  and  deeper." 
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Mi*.  Herbert  Perkin  (Leeds)  wrote  that,  in  dealing  with  the 
construction  of  rope  guides,  Mr.  Eoutledge  did  not  mention  the 
wellknown  locked-eoil  guide  rope,  which  seemed  to  be  the  most 
suitable  as  presenting  a  perfectly  uniform  wearing  surface.  A 
good  form  of  clamp  (figs.  23  and  24)  was  in  use  at  the  Slielton  Coal 
and  Iron  Company,  Limited's  deep  pit  at  Hanley,  Avhere  rope 
guides  were  in  use  in  a  shaft  2,550  feet  deep.  It  consisted  of  a 
rectangular  block-forging  in  which  a  slot  was  cut,  and  two 
wedges,  gripping  the  rope,  were  fitted  into  the  slot.  Above  this, 
with  a  slight  gap  in  between,  two  or  three  clamps  of  the  ordinary 
bolted  type  were  fixed  on  the  rope,  the  gap  being  used  to  indicate 
whether  any  slip  was  taking  place.  In  the  sump,  the  method  of 
attaching  the  weights  was  simply  the  reverse  of  the  arrangement 
used  in  the  headgear.  This  method  had  been  found  eminently  satis- 
factory.    With  regard  to  the  weights  hung  upon  the  conductors, 
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Fig.  23.— Side  Elevation 
of  Clamp. 


Fig.  24.— Plan  of  Clamp. 
Scale,  1  Foot  to  1  Inch. 


the  limit,  of  course,  Mas  reached  when  further  increase  would 
dangerously  lower  the  factor  of  safety :  this  should  not  be  below 
5,  that  was,  the  attached  weights  together  with  the  weight  of 
the  hanging  rope  should  not  be  more  than  one-fifth  of  the  break- 
ing load.  The  clearance  of  18  inches  between  the  cage-corners  and 
the  shaft-wall  was  certainly  most  important,  because  of  the  possi- 
bility of  a  bulging  of  the  shaft  taking  place,  and  15  inches 
between  the  centre  guides  were  ample. 

He  (Mr.  Per  kin)  could  not  agree  with  Mr.  Kennedy's  con- 
clusions that  wooden  guides  were  either  as  safe,  as  efficient, 
or  a.s  economical  as  rope  guides  for  great  depths.  It  seemed  a 
very  dangerous  plan  to  fill  a  downcast  shaft  with  timber, 
especially  if  electric  cables  were  taken  down  the  pit.  The  bolted 
joints  were  also  a  source  of  danger.     Mr.  Kennedy's  addition  of 
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£1  per  foot  for  the  extra  cost  of  sinking  a  sliaft,  20  feet  in 
diameter  instead  of  18  feet,  overlooked  the  important  fact  of  the 
largely  increased  area  obtained.  It  was  probable  that  in  a  shaft, 
18  feet  in  diameter,  fitted  with  wooden  guides,  the  effective 
area  would  be  reduced  by  8  or  10  per  cent.,  owing  to  buntons. 
For  equal  quantities  of  air,  therefore,  there  would  be  a  very 
considerable  saving  in  the  power  required  for  ventilation  in 
the  case  of  a  shaft  20  feet  in  diameter.  If  non-twisting  ropes 
were  used  there  would  be  very  little  oscillation,  and  the  addi- 
tion of  a  tail  rope  was  a  profitable  investment,  apart  altogether 
from  any  steadying  qualities  that  it  might  have.  The  great 
disadvantage  of  rigid  guides  was  their  liability  to  cause  extra 
friction  by  being  thrown  out  of  plumb  if  there  was  a  slight 
movement  of  the  shaft. 

Mr.  M.  H.  Habershon  said  that  members,  who  had  experi- 
ence of  winding  larg*e  quantities  of  coal  with  wooden  guides, 
would  agree  that  the  cost  of  repairing  was  excessive,  and  that 
the  conclusion  at  which  Mr.  Kennedy  arrived  as  to  their  economy 
was  not  correct. 

Mr.  W.  Walker  (H.M.  Inspector  of  Mines)  said  that  it 
appeared  from  Mr.  Eoutledge's  paper,  that  he  had  taken  as  a 
minimum  a  shaft  20  feet  in  diameter  for  wire-rope  guides;  but 
in  the  case  of  South  Kirkby  colliery  the  shaft  was  only  15  feet  in 
diameter,  and  the  clearance  between  the  cages  at  meetings  was 
as  little  as  6  or  8  inches.  The  shaft  was  2,1-30  feet  deep,  and  the 
weight  at  the  bottom  was  much  in  excess  of  the  figures  given  by 
Mr.  Routledge.  This  weight  was  a  serious  consideration  so  far 
as  the  headgear  was  concerned,  but  the  running  was  even,  and 
there  was  no  difficulty  in  any  other  way.  He  thought  that  the 
distance  given  between  the  buntons  in  both  papers  was  too  great, 
as  an  accident  had  occurred  from  this  cause  in  his  mines-inspec- 
tion district  last  year  with  rail  guides.  One  of  the  rails  broke, 
and  the  cage  became  free  and  collided  with  the  descending  cage 
at  meetings.  He  could  not  agree  with  Mr.  Kennedj^'s  conclu- 
sions that  wooden  guides  were  the  safest  or  even  the  most 
economical.  Taking  the  speed  at  which  the  cages  ran  at  Cadeby 
colliery,  about  72  feet  per  second,  when  men  were  being  raised 
or  lowered,  he  should  not  like  to  be  in  the  cage  if  the  guides  were 
made  of  wood.     The  shoes  used  in  connection  with  rail  guides 
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were  better  and  safer  if  they  extended  over  the  full  length  of  the 
cage,  as  at  Cadeby  colliery;  and,  if  a  rail  broke,  there  was  not 
then  so  much  chance  of  the  cage  getting  out  of  the  guides. 

Mr.  -J.  J.  Eley  said  that  he  was,  at  the  present  time,  substitut- 
ing rope  guides  for  wooden  guides,  and  the  cost  of  maintenance 
and  repairs  of  wooden  guides  was  very  high  in  comparison  with 

wire-rope  conductors. 

Mr.  A.  T.  Thomson  said  that  he  had  experience  of  three  kinds 
of  guides.  Wooden  guides  were  a  source  of  continual  expense, 
as  some  lengths  were  always  being  changed ;  he  had  some  wire- 
rope  guides  which  had  been  in  use  for  thirty-three  years,  and  they 
were  still  in  splendid  condition ;  and  he  had  had  a  rather  un- 
pleasant experience  with  rail  guides.  He  much  preferred  the  use 
of  wire-rope  guides. 

Mr.  H.  Rhodes  said  that,  over  a  period  of  thirteen  years,  the 
number  of  stoppages  at  six  shafts,  fitted  with  wire-rope  con- 
ductors and  varying  in  depth  from  1,200  to  1,800  feet,  was  con- 
siderably less  than  at  a  similar  number  of  shafts,  fitted  with 
wooden  conductors  and  varying  in  depth  from  300  to  1,200  feet. 

Mr.  R.  Purdy  said  that  he  could  not  agree  with  Mr.  Kennedy 
that  wooden  conductors  were  either  the  best  or  even  the  cheapest. 
He  knew  a  shaft,  over  1,800  feet  deep,  where  wooden  conductors, 
7  inches  by  5  inches,  were  in  use.  As  they  were  occasionally 
broken  and  caused  stoppages  and  damage,  they  were  replaced  by 
wire  guides ;  and  the  alteration  proved  a  great  advantage,  and 
soon  paid  for  the  cost  of  changing.  He  thought  that  Mr. 
Kennedy's  estimate  of  Is.  3d.  per  cubic  foot  was  very  low  for 
pitchpine  suitable  for  conductors,  and  he  (Mr.  Purdy)  was  paying 
nearly  2s.  per  cubic  foot. 

Mr.  Kentledge  referred  to  vibration  or  sway,  regarding  which 
he  (Mr.  Purdy)  thought  that  the  whip  or  swing  of  guide-ropes  in 
a  shaft  was  not  so  much  the  fault  of  the  guides  as  of  the  cage  not 
being  properly  level  and  balanced  at  the  commencement.  Wind- 
ing a  cage,  9  or  11  feet  long,  4  feet  wide  and  12  or  15  feet  high, 
was  like  trying  to  balance  a  brick  on  its  edge.  If  the  cage  were 
lifted  6  inches  at  one  end  before  being  raised  at  the  other,  the 
whip  set  up  in  the  winding-rope  would  be  transmitted  to  the 
guide  ropes  and  the  cage  would  be  in  danger  of  striking  the  shaft- 
sides  or  of  coming  into  contact  with  the  opposite  cage  when  pass- 
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ing.  To  prevent  this  whip,  the  four  carrying  chains  should  be 
fitted  with  left-hand  and  right-hand  screws,  and  the  cage  should 
he  hung  in  perfect  balance  from  each  corner.  The  props  at  the 
surface  and  the  buffers  at  the  bottom  should  be  made  perfectly 
level  to  receive  the  cage,  so  that  when  it  was  raised  by  the  wind- 
ing-engine, there  should  be  no  tilting  motion  at  the  comencement. 
If  the  balance  and  levelling  were  properly  attended  to,  the  risk 
of  accidents  would  be  materially  reduced. 

Mr.  H.  Baddeley  said  that  in  the  case  of  two  shafts  in 
North  Staffordshire  the  use  of  a  balance-rope  had  considerably 
reduced  the  oscillation  of  the  cages.  Each  shaft  was  over  2,400 
feet  deep,  one  shaft  being  14  feet  in  diameter  for  some  depth,  and 
it  was  then  belled  out  to  20  feet  in  diameter.  A  flat  balance-rope 
was  used  in  both  cases,  and  the  oscillations,  as  stated  before,  were 
very  little ;  and,  although  there  was  not  a  great  space  between 
the'  cages  and  the  shaft-sides,  everything  seemed  to  work  satis- 
factorily. The  use  of  a  flat  balance-rope  was  somewhat  of  a 
novelty  to  him  (Mr.  Baddeley)  and  he  was  interested  with  the 
satisfactory  way  in  which  it  was  working.  No  pulley  or  casing 
was  required  in  the  pit-bottom,  and  the  rope  simply  formed  a 
curve  below  the  sump-boards.  He  observed  that  the  estimated  cost 
given  by  Mr.  Kennedy  for  pitchpine  was  too  low,  and  that  he 
would  like  to  sell  wire-rope  guides  at  the  prices  named  in  Mr. 
Kennedy's  estimate. 

Mr.  C.  H.  Elliott  (Wombwell  Main  colliery)  said  that  the 
winding  shaft  at  Wombwell  Main  colliery  was  1,500  feet  deep, 
the  upper  660  feet  being  11^  feet,  and  the  remainder  13i  feet, 
in  diameter.  Six  corves  were  carried  on  three  decks  ;  the  wind- 
ing-ropes were  locked-coil,  1TV  inches  in  diameter  ;  and  the  cages 
were  provided  with  a  balance-rope,  which  passed  round  a  pulley 
in  the  sump.  Formerly,  each  cage  ran  on  four  wire-rope  guides, 
1^  inches  in  diameter,  two  guides  being  placed  at  either  side,  near 
the  corners  of  the  cages.  This  arrangement  gave  a  clearance  of 
12  inches,  but  the  cages  caught  the  sides  occasionally,  when  in 
the  smaller  portion  of  the  shaft.  This  difficulty  had  been  success- 
fully overcome  by  suspending  two  separating  guides,  each  2 
inches  in  diameter,  down  the  centre  of  the  shaft,  bringing  the 
cages  close  up  to  them,  and  at  the  same  time  adopting  three 
guides,  all  placed  at  the  outer  sides  of  the  cages,  for  the  four 
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which  were  formerly  placed  near  each  corner.  Each  cage  was 
fitted  with  a  rubbing  piece  of  soft  steel,  which  could  be  changed 
when  worn  out.  This  arrangement  had  now  been  at  work  for 
seven  years  without  the  slightest  hitch,  and  the  cage  ran  very 
smoothly.  The  output  was  1,500  tons  in  10  hours,  a  draw  being 
made  in  50  seconds,  with  an  average  cage-speed  of  30  feet  per 
second. 

Mr.  G.  A.  Longden  (Pleasley)  wrote  that  the  two  shafts  at 
Pleasley  colliery,  sunk  to  the  Top  Hard  coal-seam  in  1877,  were 
14J  feet  in  diameter  and  1,500  feet  deep.  The  downcast-shaft 
only  was  fitted  with  wooden  guides ;  and,  in  1888,  the  double- 
decked  cages,  with  two  trams  on  each  deck,  were  winding  to 
their  full  capacity.  In  order  to  obtain  an  increased  quantity  of 
coal,  the  upcast-shaft  was  fitted  up  in  1888  with  cages  holding 
one  tram  on  a  deck :  at  first  two-decked  and  later  three-decked 
cages  were  used,  decking  at  the  pit-top  and  the  pit-bottom. 
This  arrangement  sufficed  for  eleven  years ;  and,  in  1899,  it  was 
decided  to  erect  a  new  winding-engine,  headgear  and  boilers  to 
work  at  a  pressure  of  100  pounds  per  square  inch,  and  to  fit 
cages  in  the  upcast-shaft  similar  to  those  used  in  the  downcast- 
shaft  with  simultaneous  changing  of  the  decks. 

Rope  Guides. — The  question  of  conductors  at  the  upcast-shaft 
was  carefully  considered,  and  iron-rope  guides  were  adopted  as 
being  the  safest  and  cheapest,  with  less  friction  in  the  shaft  both 
for  the  cages  and  for  the  ventilation,  which  must  not  be  over- 
looked in  small  shafts,  14^  feet  in  diameter.  There  were  two  loose 
rope  guides,  2  inches  in  diameter  between  the  cages ;  oaken 
rubbers  were  bolted  to  the  cages  to  prevent  them  from  touching 
the  guides ;  and  there  were  three  fixed  guides,  \\  inches  in 
diameter,  fitted  on  the  outside  of  each  cage.  Ordinary  winding- 
ropes  and  two  kinds  of  non-spinning  ropes  were  not  found  satis- 
factory, as  they  twisted  the  cages  in  the  centre  of  the  shaft,  where 
the  guides  were  not  stiff  enough  to  keep  them  in  position ;  and 
finally  locked-coil  winding-ropes  were  adopted.  The  cages  now 
hung  square  at  meetings,  and  hardly  ever  touched  the  two  loose 
central  guides.  Locked-coil  winding-ropes  were  more  expensive 
than  those  used  with  wooden  guides,  and  this  extra  cost  must 
be  added.  If  the  treads  of  the  pulleys  were  true  and  locked-coil 
winding-ropes  were  used,  there  was  very  little  swaying  of  the 
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cages,  and  they  could  be  run  close  to  the  central  rubbing  guides. 
The  initial  cost  of  the  rope  guides  is  detailed  in  Table  I.    The  wet 


Table  I. — Cost  of  Rope  Guides  at  Pleasley  Colliery. 


Six  rope  guides,  Ih  inches  in  diameter,  at  £50  each 
Two  ,,  2         ,,       ,,         ,,        ,  ,,  £85     ,, 

Cast-iron  weights,  30  tons  at  £4  10s.     ... 
Labour  of  fixing 

Total      


£  s.  d. 

300  0  0 

170  0  0 

135  0  0 

30  0  0 

£635  0  0 


state  of  the  upcast-shaft  makes  the  rope  guides  wear  rapidly, 
and  they  only  last  about  five  years  ;  but  the  two  rubber  guides 
last  longer.  Allowing  £80  per  annum  for  renewals  and 
£50  per  annum  for  the  enhanced  cost  of  the  special  winding- 
ropes  over  and  above  the  cost  of  the  ropes  used  in  the  downcast- 
shaft,  the  total  cost  becomes  £130  per  annum. 

Wooden  Guides. — The  downcast-shaft  is  fitted  with  wall-boxes 
to  receive  a  centre  stay  and  two  side  stays  at  intervals  of  10  feet. 
There  are  about  300  feet  of  cast-iron  tubbing,  with  brackets  cast 
on  the  plates.  There  are  eight  guides,  measuring  4|  inches  by 
4j  inches,-  two  being  fitted  on  each  side  of  each  cage.  The  cost 
of    installing    the    wooden    guides    is    detailed    in    Table     II. 

Table  II.  — Cost  of  Wooden  Guides  at  Pleasley  Colliery. 

£      s.    a. 
159  central  stays  of  oak,  16i  feet  long,  8  inches  wide  and  9 

inches  deep,  at  £1  9s.  each  ...  ...  ...  ...  ...       230  11     0 

318  side  stays  of  oak,    13  feet  long,  6  inches  wide  and  9 

inches  deep,  at  17s.  each       ..  ...         ...         ...         ...       270     6     0 

Cast-iron  wall-boxes,  two  large  ones  and  four  small  ones, 

say,  5  cwts.  every  10  feet,  40  tons  at  £8  per  ton  ...       320     0     0 

Eight  pitchpine  conductors,  1,580  feet  long  or  12,640  feet  at 

7"81d.  per  foot,  the  average  price  over  8  years   ... 
Wooden  jointing  of  conductors   ... 
Pins  for  the  conductors,  30  cwts.  at  13s.  6d.  per  cwt. 
Labour  of  fixing  :  this  does  not  include  the  cost  of  fixing 

the  wall-boxes...         ...         

Total      


The  annual  cost  of  maintenance  has  been  as  follows  :  — The  oaken 
stays  gave  little  trouble  for  twenty  years,  but  since  that  period 
several  of  them  have  been  replaced,  and,  allowing  5  per  cent,  per 
annum  on  £500,  the  cost  has  been  £25 ;   the  actual  average  cost 


411 

6 

6 

50 

0 

0 

20 

5 

0 

> 

420 

0 

0 

£1,722 

8 

6 
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of  pitchpine  conductors  over  the  past  eight  years  has  been  £60 : 
labour,  refixing,  renewing  pins,  etc.,  60  shifts  at  27s.  per  shift, 
£S1 ;  add  the  loss  of  three  breakages  per  annum  at  H-  hours  each, 
or  4A  hours'  standing  at  120  tons  per  hour,  or  540  tons  at  Is.  per 
ton.  £27:  and  the  total  is  £19-3.  The  shaft  contains  about  300 
feet  of  cast-iron  tubbing,  with  brackets  cast  on  the  plates  to 
receive  the  wooden  stays,  so  that  it  would  be  impossible  to  adopt 
two  wooden  stays  with  end-guides  to  the  cages,  even  if  it  were 
desirable  to  do  so. 

It  will  be  seen  from  the  preceding  figures  that  the  first  cost  of 
the  rope  guides  at  the  upcast-shaft  was  rather  more  than  one- 
third  of  the  cost  of  the  wooden  guides  at  the  downcast-shaft, 
whilst  the  annual  maintenance  for  ropes  is  £130  as  compared  with 
£193  for  wood.  The  annual  charge  of  £130  for  the  maintenance  of 
the  rope  guides  is  considered  very  high,  but  it  is  due  to  the  short 
life  of  the  guides:  and,  if  they  had  been  placed  in  the  downcast- 
shaft,  their  life  could  be  easily  doubled.  Rope  guides  used  in 
a  dry  shaft  will  last  from  twelve  to  fifteen  years.  "Wooden 
guides  are  found  to  wear  most  rapidly  at  the  place  where  the 
engineman  begins  to  steady  the  cages.  Oregon  pine  had  been  tried, 
but  it  had  been  replaced  by  pitchpine.  It  must  not  be  over- 
looked that  three  months  were  occupied  in  fixing  the  wooden 
guides,  working  three  shifts  of  eight  hours  for  seven  days  a  week, 
while  the  ropes,  guides  and  cages  were  fitted  in  a  week ;  and, 
at  Pleasley  colliery,  the  fitting  of  the  upcast-shaft  with  wooden 
guides  would  have  meant  the  loss  of  thousands  of  tons  of  coal. 
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THE  MIDLAND  COUNTIES  INSTITUTION  OF  ENGIN- 
EERS AND  MIDLAND  INSTITUTE  OF  MINING, 
CIVIL  AND  MECHANICAL  ENGINEERS. 


JOINT  GENERAL  MEETING, 
Held  at  Chesterfield,  March  9th,  1907. 


Mr.  W.  G.  PHILLIPS,  in  the  Chair. 


The    Secretary    announced    the    election    of    the    following 
gentlemen  to  The  Midland  Counties  Institution  of  Engineers:  — 

Members — 
Mr.  E.    J.    H.    Christie,    Electrical    Engineer,   Bank    Chambers,    Fargate, 

Sheffield. 
Mr.  Thomas  Percy  Nicholson,  Mining  Engineer,  Hillcrest,  Shepherdswell, 

near  Dover. 
Mr.  John  Smithurst,  Manager,    West   Cannock   Collieries,    West    Cannock 

House,  Hednesford,  Staffordshire. 

Students — 
Mr.  Charles  Gates,  Student,  Kirkby  Road,  Sutton-in-Ashfield. 
Mr.  George  Patrick  Littlewood,  Student,  Blackwell,  Alfreton. 


DISCUSSION  OF  MR.  I.  HODGES'  PAPER  ON  "AN 
ACCOUNT  OF  SINKING  AND  TUBBING  AT  METH- 
LEY  JUNCTION  COLLIERY,  WITH  A  DESCRIPTION 
OF  A  CAST-IRON  DAM  TO  RESIST  AN  OUTBURST 
OF  WATER."* 

Mr.  G.  Elmsley  Coke  (Nottingham)  said  that  he  knew  the 
Whitwood  collieries,  but  had  not  seen  that  shaft  since  the  re- 
tubbing.  The  shaft  was  sunk  on  a  large  fault  which  crossed  the 
measures,  and  ran  through  the  canal,  causing  large  feeders  of 
water.  Mr.  Hodges  had  the  very  difficult  problem  of  making 
the  shaft  watertight  and  secure,  and  he  appeared  to  have  solved 
it  with  skill  and  success.  The  tubbing  might  now  be  expected 
to  endure  for  the  extended  life  of  the  mine. 

*   Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  76. 
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Mr.  H.  R.  Hewitt  said  that  the  work  undertaken  by  Mr. 
Hodges  appeared'  to  have  only  just  been  in  time  to  avoid  the 
collapse  of  these  shafts,  and  was  a  suggestion  to  those  having  old 
shafts  in  use  to  examine  their  tubbing  and  ascertain  the  thick- 
ness of  the  plates  from  time  to  time.  In  deciding  upon  a  new 
centre-line,  the  thickness  of  the  new  tubbing-plates  prohibited 
the  centre-line  from  being  moved  far,  as  the  author  did  not  appear 
to  have  taken  any  of  the  old  tubbing  out  of  the  shaft.  It 
appeared  strange  that  the  work  of  putting  a  dam  in  the  upcast 
shaft  was  not  done  some  years  earlier  when  the  water  was  found 
to  be  troublesome,  as  the  cost  was  so  insignificant  compared  with 
the  annual  charges  dispensed  with.  It  was  well  known  that 
formulas  for  ascertaining  the  thickness  of  tubbing  required  gave 
a  variable  result,  and  when  these  were  placed  side  by  side  in 
Table  VI.*  it  would  appear  that  the  one  given  by  Mr.  AY. 
Galloway  should  in  future  be  dispensed  with  as  being  altogether 
misleading,  and  no  harm  could  be  done  by  erring  on  the  side  of 
safety  in  a  matter  of  this  kind.  When  so  wide  a  difference  as 
0"05  inch  to  0'50  inch  was  given  for  the  thickness  of  tubbing 
at  the  same  depth,  there  was  a  great  error  somewhere,  and  yet 
the  author  of  the  paper  used  a  thickness  of  0*75  inch  for  the 
same  depth  in  these  shafts.  It  would  be  interesting  to  know 
what  formula  he  adopted  for  this,  and  why  he  considered  such  a 
thickness  necessary  at  a  depth  of  GO  feet,  for  which,  taking  this  as 
his  standard,  the  extra  cost  involved  must  have  been  very  great. 
Although  shaft-work  of  a  dangerous  nature  was  frequently  being 
done,  it  was  gratifying  to  notice  that  the  number  of  accidents 
was  so  few,  and  this  was  a  creditable  record  of  the  skill  and  fore- 
sight displayed  by  Mr.  Hodges  and  his  officials. 

Mr.  Isaac  Hodges,  replying  to  the  questions  asked  by  Mr.  J.  S. 
Barnesf  at  the  last  meeting,  thought  that  he  had  made  it  clear 
in  his  paper  that  the  upper  length  of  tubbing,  260  feet,  stood  on 
one  foundation  crib  only,  the  total  weight  on  that  crib  being  286 
tons.  He  agreed  that  this  was  a  heavy  weight  for  one  crib : 
but  it  was  quite  impossible  to  make  an  attachment  to  the  old 
tubbing,  nor  was  it  desirable,  as  it  was  in  so  shaky  a  condition 
as  to  be  scarcely  able  to  stand  the  pressure  which  it  already  had  to 
bear.  Mr.  Barnes  said  that  he  disliked  cribs  being  spaced  at  greater 

*   Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  96.  +  Ibid.,  page  98. 
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distances  apart,  than  60  feet.  There  was  something'  to  be  said  for 
cribs  being  spaced  at  frequent  intervals,  but,  at  Methlev  Junc- 
tion colliery  it  was  impossible  to  do  otherwise  than  stand  the 
whole  length  of  the  new  tubbing  upon  the  foundation-crib  below 
the  old  tubbing.  Mr.  Barnes  had  asked  how  the  horizontal  and 
vertical  sheathings  were  inserted.  The  tubbing  was  built  in 
rings  at' the  surface  by  means  of  a  turntable  on  the  drawbridge, 
and  the  vertical  sheathing  was  placed  in  position  at  the  time  when 
the  rings  were  being  built  up.  A  ring  of  tubbing  was  run  over 
the  pit,  lifted,  the  drawbridge  withdrawn,  and  the  ring  of  tub- 
bing lowered  into  position.  The  workmen  followed  afterwards 
in  a  kibble,  saw  the  ring  of  tubbing  placed  in  position,  and 
then  laid  the  horizontal  sheathing  for  the  next  ring  before 
returning  to  the  surface.  It  was  by  that  means  that  they  were 
able  to  complete  and  put  into  position  a  ring  of  tubbing  every 
40  minutes :  and,  by  working  24  hours  per  day,  the  upper  section 
of  140  feet  was  completed  and  placed  in  position  in  less  than 
two  days.  Referring  to  the  remarks  as  to  coating,  he  thought 
that  Dr.  Angus  Smith's  composition  was  a  great  safeguard 
against  corrosion.  The  original  tubbing  had  been  partly 
destroyed  by  internal  corrosion,  and  he  thought  that  the  use  of 
composition  on  the  new  tubbing' would  tend  to  remedy  that  evil. 
The  casting  of  figures  in  relief  on  the  face  of  each  segment  of 
tubbing  indicating*  the  thickness  would  enable  his  successors  to 
test  the  then  thickness,  and  so  form  an  accurate  judgment  as  to 
the  deterioration.  It  was  difficult  to  refer  to  old  figures  and 
plans,  perhaps  a  quarter  of  a  century  old  :  and  it  seemed  to  him 
that  there  was  greater  safety  in  having  the  figures  cast  on  the 
tubbing,  and  knowing  that  those  figures  indicated  the  original 
thickness.  Tests  would  then  either  give  them  a  sense  of  security. 
or  prompt  them  to  take  speedy  measirres  to  remedy  the  defect. 
Since  the  paper  was  written,  the  slight  leakage  past  the  plug  of 
the  second  pipe  had  diminished  until  it  was  now  quite  dry.  It 
would  be  remembered  that,  when  the  dam  was  completed,  about 
100  gallons  of  water  passed  per  hour:  within  a  fortnight  this 
quantity  was  reduced  to  25  gallons  per  hour,  and  it  further  gradu- 
ally reduced  to  9  gallons  per  hour.  The  shaft  was  now  quite  dry, 
and  no  sign  of  water  had  shown  itself  in  the  workings.  A  saving 
of  upwards  of  £1,300  per  annum  in  pumping  had  been  accom- 
plished by  an  expenditure  of  £1,590  on  the  dam. 
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In  calculating  the  strength  of  tubbing  required  to  resist  the 
pressure  of  water,  he  had  occasion  to  take  from  various  text-books 
the  thickness  of  tubbing  as  worked  out  by  Messrs.  J.  J.  Atkinson, 
W.  Galloway,  G.  C.  Greenwell  and  W.  Tate.  He  was  much  struck 
by  their  divergence,  and  it  occurred  to  him  that  it  might  be  of 
benefit  to  have  these  formula?  put  side  by  side  for  comparison.  He 
then  compared  the  tested  thicknesses  of  the  old  tubbing  with  the 
patterns  from  which  the  tubbing  had  been  cast  in  their  own 
foundry  about  1850,  and  at  once  he  saw  that  the  half-century's 
usage  had  resulted  in  serious  deterioration,  in  quality  quite  as 
much  as  in  thickness.  Therefore  he  came  to  the  conclusion  that 
the  formula  generally  adopted  was  inefficient,  and  needed  revision. 
The  thicknesses  of  tubbing  given  in  Table  VI.*  showed,  so  far 
as  shallow  depths  were  concerned,  that  they  were  much  too  light. 
In  his  case,  tubbing  1^  inches  thick  had  diminished  in  thick- 
ness to  T76  inch  after  a  usage  of  about  half  a  century,  and  he  had 
therefore  worked  out  a  formula  including  a  const-ant  allowing 
for  corrosion  and  wear-and-tear.  Although  the  formula  might 
perhaps  he  criticized  as  giving  an  unusually  heavy  thickness, 
that  was  a  fault  which  mining  engineers  would  agree  was  not  a 
particularly  grave  offence.  The  dangers  from  weak  tubbing  were- 
serious  and  out  of  all  proportion  to  the  saving  made  in  the  original 
capital   expenditure.        The   formula   that  he  had   used  was: — ■ 

PR 
Table  I.— Thicknesses  of  Tubbing  Calculated  by  the  Formula  :  T  =  -= — f-  C, 

o 
TOGETHER   WITH  THE    ACTUAL    THICKNESSES  USED   IN   THE   MeTHLEY  JUNCTION 

Shafts. 

Height 
of  Tubbing. 


Peel . 
60 
100 
140 
180 
•220 
260 


//. 


Thicknesses  of  Tubbing 
calculated  from  the  above  Formula. 

Thicknesses  of  Tubbing 

actually  used  in  Methley 

Junction  Shafts. 

—Shaft  : 

10  Ft  ft  in  Diamt  tt  r. 

Inches. 

Inches. 

0  69 

0-75 

0  82 

0-87 

0-95 

1-00 

1-08 

112 

1-21 

1-25 

1-34 

1-37 

.—Shaft. 

•  11  Feet  in  Diamt  U  r. 

1-45 

L-50 

1-59 

1-62 

174 

1-75 

1-88 

1-87 

300 
340 

380 
420 

Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  96. 
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T  =  (PE/S)  +  C  ;  in  which  P  is  the  pressure  in  pounds  per  square 
inch  ;  E,  the  internal  radius  of  the  tubbing  in  inches ;  T,  the 
thickness  of  the  tubbing  in  inches ;  S,  the  safe  stress  of  cast-iron 
or  8,000  pounds  per  square  inch ;  and  C,  a  constant  providing 
for  corrosion  and  wear-and-tear,  namely: — |  inch  for  depths  not 
exceeding-  300  feet,  §  inch  for  depths  exceeding  300  feet  but  not 
exceeding  600  feet,  and  j  inch  for  depths  exceeding  600  feet. 
The  actual  thicknesses  of  tubbing  used  in  the  Methley  Junction 
shafts,  as  compared  with  the  thicknesses  calculated  from  the 
above  formula,  were  recorded  in  Table  I. 

The  Chairman  (Mr.  W.  Gr.  Phillips)  thought  that  members 
might  refer  to  Mr.  Hodges'  paper  as  an  interesting  account  of 
overcoming  extraordinary  difficulties  in  a  masterly  manner. 
They  were  indebted  to  Mr.  Hodges  for  the  trouble  that  he  had 
taken  in  compiling  his  paper  and  supplying  drawings  of  minute 
correctness,  which  materially  helped  to  the  understanding  of  the 
paper. 

The  further  discussion  was  adjourned. 


DISCUSSION  OF  MESSES.  W.  X.  ATKIXSOX  AXD 
A.  M.  HEXSHA AY'S  PAPEE  OX  "  THE  COUEEIEBES 
EXPLOSION."* 

Mr.  W.  N.  Atkinson  (H.M.  Inspector  of  Mines)  wrote  that 
Mr.  A.  H.  Stokes  referred  to  the  advantages,  from  the  point  of 
view  of  safety  from  explosions,  of  having  the  districts  of  a  mine 
so  split  up  by  ventilation  that  any  catastrophe  which  occurred 
would  so  far  as  possible  be  isolated.  Whilst,  however,  the  panel 
system  was  an  excellent  one  for  several  reasons,  it  had  been 
proved  over  and  over  again  that  it  was  of  no  avail  for  arresting 
an  explosion  in  a  dusty  pit,  when  the  roads  connecting  the 
different  districts  contained  inflammable  dust.  Where  in  dusty 
pits,  such  as  those  in  which  large  explosions  invariably  occurred, 
certain  ventilating  districts  had  escaped  the  effects  of  the  explo- 
sion, the  reason  was  found,  not  in  the  fact  that  they  were  separ- 
ately ventilated,  but  because  there  was  a  break  in  the  train  of 
dust  or  a  change  in  the  nature  of  the  dust. 

*  Trans.  Inst.   M.  R,   1906,  vol.  xxxii.,  pages  439,  340  and  507. 


DISCUSSION — THE    COURRIERES    EXPLOMON.  H7 

With  reference  to  the  shot  in  the  Lecoeuvre  heading,  aDd  the 
fact  that  it  was  not  known  to  any  official  that  it  was  a  shot  which 
had  missed  fire,  the  officials  most  likely  to  have  known  were 
killed,  and  as  the  miners  fired  their  own  shots  it  was  quite  possible 
that  no  official  knew  anything  about  it.  The  heading  was  not  a 
new  clean  heading :  it  was  an  exceedingly  dusty  place,  the 
dust,  as  stated  in  the  paper,  being  chiefly  due  to  the  use  of  a 
percussive  heading-machine. 

TTith  reference  to  the  initiation  of  the  explosion,  whilst  it 
was  practically  certain  that  it  occurred  in  the  Lecoeuvre  heading, 
there  was  still  room  for  some  argument  as  to  the  exact  means. 
The  suggestion  made  by  Mr.  Stokes  as  to  the  possibility  of  an  ex- 
plosion of  Favier-powder  while  being"  handled  was  not  overlooked  : 
but  to  the  writers  (Messrs.  Atkinson  and  Henshaw)  the  balance  of 
probabilities  appeared  to  be  strongly  in  favour  of  the  theory  set 
forth  in  their  paper.  The  cutting  above  and  down  to  the  shot-hole 
(fig.  20)*  appeared  to  have  no  other  object  than  to  enable  the 
explosive  to  be  reached.  The  most  difficult  thing  to  account  for 
satisfactorily  was  the  dismemberment  of  the  body  of  the  fourth 
man,  which  was  found  about  HO  feet  from  th^  faee.  Perhaps  thi« 
man  was  nearer  the  face  at  the  moment  of  the  explosion,  and  in 
the  line  of  the  shot,  and  was  blown  and  dismembered  by  the  shot 
blowing  out.  The  damage  to  the  air-pipes  did  not  appear  so 
difficult  to  account  for.  Such  pipes  were  sometimes  made  of 
inferior  metal,  and,  if  rusted  and  worn,  required  no  great  force  to 
shatter  them. 

The  shot  in  Xo.  1  experiment,  at  Frameries,  was  not  fired 
under  conditions  similar  to  those  that  attended  the  shot  in  the 
Lecoeuvre  heading.  In  the  former  case,  there  was  neither  gas 
nor  dust  in  the  experimental  gallery,  whilst  in  the  Lecoeuvre 
heading  there  was  an  abundance  of  dust. 

Mr.  G.  A.  Lewis  (Derby)  said  that  he  wished  chiefly  to  draw 
the  attention  of  the  members  to  certain  remarks  made  by  Mr.  A.  H. 
Stokes, t  which  it  was  possible,  unless  they  had  carefully  read 
the  Transactions,  might  have  escaped  their  notice.  The  great 
point  about  this  explosion  was  its  origin,  and  he  thought  that  it 
was  a  matter  of  extreme  surprise  to  many  mining  engineers  in  this 

*  Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  471. 

t  Ibid. ,  page  340. 
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country  that  engineers  who  had  inspected  the  collieries  agreed 
that  the  explosion  was  started  in  a  heading.  It  was  a  coal-dust 
explosion,  and  it  was  practically  unanimously  decided  that  there 
was  no  gas  whatever  in  the  pit.  The  question  then  was,  how 
could  a  coal-dust  explosion  be  started  in  a  heading,  which  could 
hardly  contain  dust  of  such  a  quality  as  would,  judging  by  their 
experience  in  this  country,  be  liable  to  start  such  an  explosion  9 
If  the  blown-out  shot,  which  was  supposed  to  have  started  the 
explosion,  did  really  fire  the  coal-dust,  the  flame  would  have 
had  to  travel  45  feet  before  it  reached  any  dust.  That  was  a 
position  which  most  of  the  members  failed  to  comprehend. 
Another  point  which  seemed  to  have  escaped  the  notice  of  many 
of  the  members  was  that,  whilst  four  men  were  killed  in  that 
heading,  the  three  men  who  were  at  the  far  end  of  the  heading 
were  practically  not  injured  at  all,  except  by  burns  ;  but  the 
man  who  was  most  seriously  injured  (in  fact  he  had  a  leg  and  an 
arm  blown  off)  was  30  or  40  feet,  or  even  more,  down  the  heading. 
He  thought  that  the  construction  which  Mr.  Stokes  placed  upon 
that,  and  the  explanation  that  he  suggested,  were  extremely 
reasonable,  and  such  as  he  (Mr.  Lewis)  would  be  inclined  to  accept 
without  reservation.  Mr.  Stokes  suggested  that  a  shot  was  put 
in  at  the  end  of  the  heading,  that  it  mis-fired — not  that  it  was 
blown  out — and  that  the  material  for  the  shot  had  been  recovered 
out  of  the  hole.  There  were  indications  confirming  the  belief 
that  the  hole  had  been  dug  out,  and  the  explosive  extracted,  and 
it  was  suggested  that  it  had  been  taken  by  one  of  the  men  some 
distance  down  the  heading.  Possibly  he  had  placed  it  on  one  of 
the  air-pipes  and  was  trying  to  extract  the  detonator  from  the 
explosive,  or  some  mishap  occurred  by  which  he  caused  a  detona- 
tion, and  it  exploded  the  material  that  he  had  brought  with  him. 
The  dust  at  this  point  would  be  more  liable  to  explode,  and  this 
theory  would  explain  various  otherwise  puzzling  phenomena. 
These  conclusions,  to  his  (Mr.  Lewis')  mind,  accounted  for  the 
fact  that  the  greater  force  of  the  explosion  was  to  be  seen  45  feet 
down  the  heading,  and  that  the  men  at  the  end  of  the  heading 
were  not  affected  so  much.  Another  point  which  gave  plausi- 
bility to  this  hypothesis  was  the  fact  that  the  air-pipes  close  to  the 
end  of  the  heading  were  hardly  damaged,  while  the  third  or 
fourth  lengths  of  air-pipe  from  the  face  of  the  heading*  were 
smashed    to   atoms.      He    thought   that   theory    was    extremely 
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plausible,  and  it  would  go  a  long-  way  to  satisfy  their  doubts 
as  to  why  an  explosion  should  take  place  in  a  heading,  whilst 
at  the  same  time  affording  some  idea  as  to  the  precautions 
which  should  be  taken  in  driving  such  a  heading.  The  main 
point  seemed  to  be  whether  such  explosions  could  not  be  stopped 
entirely.  It  rather  occurred  to  him  (Mr.  Lewis)  whether  those 
of  the  members  who  were  trying  to  solve  the  problem  of  prevent- 
ing the  spread  of  an  explosion  were  not  proceeding  somewhat 
in  a  wrong  direction,  and  whether  they  should  not  direct  their 
attention  to  the  question  whether  these  explosions  could  not  be 
prevented  altogether.  By  that  he  meant,  was  it  not  possible  to 
limit  the  shot-firing  apart  from  the  coal-face  to  the  period  when 
the  men  were  out  of  the  mine  ?  It  was  a  point  to  which  he  was 
trying  to  devote  his  attention,  and  he  was  convinced  that  it  was 
better  to  do  that  than  merely  to  endeavour  to  limit  the  spread  of 
an  explosion,  and  to  restrict  the  area  which  it  affected  when  it 
did  occur. 

Mr.  H.  Stevenson  (Linby)  remarked  that  the  dust  in  the 
heading,  boot-top  deep,  consisted  of  fine  coal  made  by  a  Sullivan 
percussive  holing-machine.  There  was  nothing  in  the  mines  of 
this  country  to  compare  with  the  dust  in  the  Courrieres  mines. 
"When  down  the  latter  he  noticed  that  the  seams  were  contorted 
and  twisted,  and  that  the  coal  was  peculiarly  soft,  It  could 
be  knocked  off  or  even  scratched  down  by  the  hand,  and  was  very 
like  black-lead.  The  amount  of  dust  made  was  in  excess  of  any- 
thing found  in  this  country. 

Mr.  -I.  T.  Todd  (Blackwell)  said  that  there  were  one  or  two 
matters,  which  he  found  a  difficulty  in  following.  He  did  not 
think  that  there  were  any  details  which  would  tell  the  members, 
whether,  if  this  fire  occurred  in  the  return-airway,  how  or  why 
it  occurred ;  or  whether  it  was  impossible  to  have  occurred  in 
any  other  part;  nor  had  they  anything  to  tell  them  what  was 
the  character  of  the  coal-dust  at  Courrieres,  or  an  analysis  of  it ; 
or  whether  that  coal-dust  was  totally  different  from  any  that  they 
found  in  the  mines  of  this  country.  He  regarded  it  as  an  exceed- 
ingly open  question  whether  this  explosion  ever  occurred  in  a 
heading,  or  whether  it  did  not  originate  from  gas  from  some  other 
part.  Of  course,  given  an  explosion,  if  there  were  fine  coal-dust 
and  plenty  of  it,  that  explosion  would  be  extended.    He  certainly 
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did  not  think  that  they  were  in  a  position  to  judge  definitely 
whether  the  explosion  at  the  Courrieres  collieries  occurred  in  a 
heading  and  from  a  shot.  They  had  to  assume  an  exceptionally 
big  charge  of  explosive,  and  that  several  things  were  done 
which  were  illegitimate  and  in  flagrant  violation  of  regulations, 
before  they  could  arrive  at  the  conclusion  that  the  explosion  did 
occur  in  that  particular  place.  The  information  was  not  calcu- 
lated to  carry  them  to  that  conclusion.  Before  they  could 
accept  the  strong  statement  that  a  similar  disaster  might  occur 
in  this  country,  they  wanted  to  know  something  of  the  character 
of  the  coal-dust,  the  principle  of  ventilation,  an  analysis  of  the 
coal-dust,  the  temperature  of  the  mines  and  the  nature  of  the 
explosive  which  they  were  using.  So  far  as  he  was  aware,  it  was 
a  fact,  since  the  Explosives  Order  had  been  brought  into  opera- 
tion, that  no  explosion  had  occurred  on  a  main  haulage-road 
through  the  firing  of  a  shot  with  any  explosive  which  was  now  on 
the  Permitted  List  of  Explosives.  He  agreed  with  Mr.  Lewis 
that,  if  they  could  find  a  safe  explosive,  and  prevent  flames  from 
blown-out  shots  such  as  they  used  to  have  irom  gunpowder,  they 
would,  under  conditions  of  watering  and  proper  supervision,  have 
gone  rar  towards  removing  the  dangers  of  explosions  in  main 
haulage-roads.  If  they  looked  at  thL-  explosions  which  had 
occurred  in  this  country  and  had  been  attributed  to  coal-dust, 
they  would  see  that  none  of  them  had  gone  into  the  face — they 
stopped  at  a  certain  point.  That  indicated  that  the  great  danger- 
was  on  the  main  haulage-roads  in  which  were  accumulations  of 
very  fine  dust ;  and,  if  they  removed  in  any  way  that  source  of 
danger,  they  removed  very  largely  all  danger  of  a  repetition  in 
this  country  of  such  a  disaster  as  that  which  had  occurred  at  the 
Courrieres  collieries. 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines)  said  that  Mr. 
Lewis  had  given  a  good  resume  of  what  he  had  tried  to  emphasize 
at  the  last  meeting.  The  best  advice  that  he  (Mr.  Stokes)  could 
give  to  Mr.  Todd  was  to  read  the  official  reports  of  colliery  explo- 
sions, and  they  might  give  him  an  answer  to  many  of  the  ques- 
tions which  he  had  put.  He  confessed  that  many  years  ago  he 
was  rather  sceptical  about  coal-dust  explosions  without  fire-damp, 
but  after  the  instances  at  Timsbury,  Camerton,  and  the  one, 
which  came  especially  home  to  him.  at  Blackwell,  he  could  have 


DISCUSSION THE   COTJRRIERES   EXPLOSION.  41 

no  doubt  on  the  subject.  With  regard  to  the  stoppings  being 
blown-out,  and  the  fire  in  the  Courrieres  collieries,  it  was  recorded 
that  the  stoppings  were  blown  inwards  :  whereas,  if  the  explosion 
had  occurred  at  the  fire,  they  would  expect  to  have  found  them 
blown  outwards.  As  regarded  the  explosion  starting  in  the  head- 
ing, about  which  Mr.  Todd  appeared  to  have  some  doubt,  could 
Mr.  Todd  tell  them  what  was  the  cause  of  the  fourth  air-pipe 
being-  shattered  and  torn  into  so  great  a  number  of  pieces  ?  No 
one  could  tell  why  the  man  near  that  air-pipe  was  so  mutilated, 
an  arm  and  a  leg  being  found  10  feet  from  the  body  and  outbye, 
if  the  explosion  did  not  take  place  at  the  fourth  air-pipe.  With 
regard  to  the  blown-out  shot,  of  which  so  much  had  been  made, 
it  had  been  recorded  by  the  authors  of  the  paper  that  "  similar 
holes  have  been  observed  before  in  these  headings,"  and  that  "  a 
somewhat  similar  hole  has  been  since  found  at  the  face  of  the 
parallel  heading.'"*  The  point  for  consideration  was  not  so 
much  the  result  of  the  explosion,  but  the  best  means  of  prevent- 
ing the  recurrence  of  such  explosions.  They  heard  a  great  deal 
about  watering :  it  was  good  in  its  way,  but  if  they  watered  a 
road-way  for  300  or  400  feet,  and  it  stopped  the  spread  of  an 
explosion,  did  it  stop  the  foul  gases  which  had  been  generated 
by  the  explosion  from  coming  out  and  killing  the  men  ?  Such 
gases  would  travel  to  the  upcast  shaft  irrespective  of  the  watered 
portion  of  the  road-way — the  explosion  might  not  go  all  over  the 
pit,  but  the  foul  gases  would  be  uncontrolled  in  their  travel  when 
doors  and  stoppings  were  destroyed ;  and  it  was  the  irrespirable 
atmosphere  after  an  explosion  that  claimed  the  greatest  loss  of 
life.  Then  came  the  question  :  If  watering  was  only  one  step  to 
the  complete  cure,  where  were  they  to  look  for  safety  ?  Let  them 
try  to  put  their  finger  upon  it.  He  thought  that  Mr.  Lewis  went 
half-way  towards  it.  Let  them  stop  shot-firing  on  the  road-ways 
during  the  working  shift,  and  see  whether  every  shot,  except  at 
the  coal-faces,  could  not  be  fired  at  night-time  or  when  the  coal- 
turning  shift  of  men  were  out  of  the  pit.  He  did  not  think  that 
they  could  completely  get  rid  of  shot-firing  at  the  coal-face ;  but 
a  working-face  was  quite  different  from  the  road-ways.  In  a  road- 
way, they  had  an  ever-increasing  accumulation,  day  by  day,  of 
the  finest  dust ;  whereas  at  the  coal-face  there  was  a  continuous 
advance  and  exposure  of  clean-cut  coal.  The  face  did  not  stand 
and  allow  dust  to  accumulate,  but  moved  forward ;  and  the  face 
Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  474. 
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of  to-day  was  not  .the  face  of  to-morrow.  There  were  no  accumu- 
lations of  dust  at  the  face,  like  those  in  the  road-ways.  With 
regard  to  the  limitation  of  an  explosion,  when  it  did  start,  had 
not  the  Courrieres  disaster  taught  them  the  lesson  that  if  they 
had  six  pits  it  would  be  advisable  not  to  connect  them  together  ? 
Had  it  not  taught  them  that  in  laying  out  their  mines  they 
should,  as  much  as  was  practically  possible,  have  isolated  districts 
from  the  main  intake-airway  to  the  upcast  shaft?  They  all 
probably  could  call  to  mind  explosions  where  many  lives  had  been 
lost  in  one  district,  whereas  men  in  another  district  had  continued 
working  without  knowledge  of  an  explosion  having  occurred  in  the 
mine.  At  the  Wingate  Grange  explosion  in  October,  1906,  "some 
of  the  miners  [in  another  part]  had  to  be  warned  to  leave  their 
work,  and  one  was  so  little  concerned  that  he  fired  a  shot  about 
.1  a.m.,  or  more  than  an  hour  after  the  explosion."*  They  would 
do  well  to  consider  what  lessons  they  could  take  from  the 
Courrieres  disaster. 

Mr.  Isaac  Hodges  did  not  think  that  they  ran  anything  like 
the  same  danger  in  existing  mines  in  this  country  as  in  the 
French,  Belgian  or  German  coal-fields.  There  was  a  great  deal  of 
difference  in  the  fineness  and  explosive  character  of  the  coal-dusts 
at  the  working-faces  in  those  districts,  as  compared  with  the 
granular  dust  found  at  working-faces  in  Great  Britain.  He 
had  visited  one  of  the  Belgian  mines  on  the  French  border,  not 
far  distant  from  Courrieres,  and  in  their  deepest  seam  he  was 
astonished  at  the  amount  of  dust  found  at  the  working-face 
and  on  the  road-ways,  but  especially  at  the  working-face.  The 
strata  were  contorted,  the  coal  was  very  friable,  and  at  a 
depth  of  3,000  feet  only  about  5  per  cent,  of  coal  passed  over 
a  round  hole,  1  inch  in  diameter.  The  amount  of  dust  was 
obvious  by  looking  at  the  faces  of  the  miners  themselves  ;  they 
were  very  much  blacker  than  the  miners  of  Yorkshire,  and  in  the 
deepest  seams  in  that  county  nothing  could  be  found  to  rival  it.  It 
reminded  him  of  nothing  so  much  as  the  appearance  of  men 
recovered  after  an  explosion.  The  point  to  which  he  particularly 
addressed  himself  was  that  raised  by  Mr.  Stokes,  as  to  the  inad- 

*  Reports  to  H.  M.  Secretary  of  State  for  the  Home  Department  on  the 
Circumstances  attending  an  Explosion  which  occurred  at  Wingate  Grange  Colliery, 
Wingate,  on  the  14th  October,  1906,  by  Mr.  A.  H.  Ruegg,  and  Messrs.  R.  D.  Bain 
and  J.  B.  Atkinson,  1907  [Cd.  3379],  page  23. 
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visability  of  connecting  mines  underground.  There  were  many 
cases  in  which,  large  outputs  were  required  from  a  single  shaft,  and 
extensive  areas  of  coal  must  be  connected  to  provide  the  necessary 
pit-room.  Even  if  Mr.  Stokes'  views  were  carried  out  for  the 
future,  and  mines  were  not  allowed  to  be  connected,  how  would 
he  deal  with  those  mines  which  were  already  connected  ?  In  his 
own  case,  they  had  8  square  miles  of  surface-area  connected 
underground.  The  economies  of  that  arrangement  had  been  very 
considerable  ;  and,  although  he  would  not  say  that  anything  could 
justify  loss  of  life,  economy  certainly  justified  any  small  extra  risk 
that  there  might  be  in  connecting  such  mines.  He  agreed  that 
districts  should  be  isolated  in  some  manner ;  but  he  did  not  agree 
with  Mr.  Stokes  that  districts  should  be  isolated  by  leaving 
barriers  of  coal,  or  by  being  worked  from  disconnected  pits. 
He  would  rather  that  more  attention  should  be  given  to  the  best 
means  of  zoning  a  mine,  so  that  if  an  explosion  occurred  in  one 
district  it  could  be  prevented  from  travelling  into  another.  They 
had  had  some  object-lessons  from  coal-dust  explosions  ;  and  in  his 
own  case  he  had  considered  it  advisable  to  separate  districts  from 
each  other  by  non-dusty  lengths  of  brickwork.  This  consisted 
generally  of  brick-walls  with  a  concrete  roof,  as  he  found  it 
easier  and  cheaper,  and  less  obstructive  to  the  ordinary  work  of 
the  mine  during  erection,  than  building  semicircular  arches. 
He  felt  that  the  Courrieres  disaster  was  sufficiently  serious  to 
make  them  attempt  to  do  something,  and  by  periodically 
cleaning  those  zones  he  hoped  to  do  a  little  towards  preventing 
an  explosion  from  spreading.  He  did  not  know  whether  it 
would  be  necessary  to  water  those  zones,  but  they  would  learn 
more  on  that  point  during  the  course  of  the  next  twelve  months. 
As  to  shot-firing,  he  did  not  know  how  Mr.  Stokes  would  be 
able  to  fire  all  the  ripping  and  coal-face  shots  required  in  a 
large  mine,  with  the  number  of  men  allowed  by  the  Coal-mines 
Regulation  Act,  when  all  the  workmen  were  removed  from  the 
seam.  He  thought  that  only  ten  were  allowed  for  all  purposes, 
including  those  necessarily  employed  in  attending  to  engines, 
machinery,  horses,  etc.,  and  inspecting  the  mine,  and  it  would 
be  impossible  for  that  small  number  to  travel  large  mines  and  to 
fire  the  shots.  Shot-firing  at  the  coal-face  was  an  essential ;  but 
he  should  welcome  the  prohibition  of  shot-firing  in  main  haulage- 
roads,  except  under  the  supervision   of  officials   and  when  the 
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workmen  were  out  of  the  mines.  He  very  much  doubted  whether 
that  could  be  extended  to  the  gateways,  and  certainly  it  could  not 
be  extended  to  the  working-faces.  Shot-firing  he  was  sorry  to 
say,  had  largely  increased,  and  nothing  of  late  j^ears  had  quite  so 
much  altered  their  methods  of  mining.  In  one  district  where 
1,000  tons  per  day  had  been  got  without  firing  a  shot,  a  consider- 
able number  of  shots  were  now  fired.  Last  year,  upwards  of 
60,000  shots  were  fired  at  the  Whitwood  collieries,  and  the  sug- 
gested prohibition  of  shot-firing  would  be  a  very  serious  matter 
to  them ;  although  he  ought,  perhaps,  to  add  that  he  did  not 
think  that  six  shots  had  been  fired  on  main  roads,  and  those 
were  the  only  shots  which,  in  his  opinion,  required  special  atten- 
tion or  protective  legislation. 

Mr.  A.  H.  Stokes  said  that  if  Mr.  Hodges  wanted  a  dusty 
mine,  he  could  tell  him  where  to  get  one.  He  (Mr.  Stokes)  had 
been  down  a  mine,  and  brought  away  with  him  some  of  their 
dust,  which  he  had  not  been  able  to  get  rid  of  for  days.  He  was 
surprised  that  Mr.  Hodges  thought  that  ten  men  were  insufficient 
for  shot-firing  on  road-ways,  for  he  concluded  his  remarks  by 
saying  that  he  had  not  fired  six  shots  on  main  roads  in  a  year. 

Mr.  I.  Hodges  stated  that  ripping  shots  were  not  included  in 
the  main-road  shots. 

Mr.  A.  H.  Stokes  said  that  he  had  got  the  statistics  of  the 
number  of  shots  fired  in  his  mines-inspection  district  during  the 
last  year,  and  he  was  very  pleased  to  congratulate  the  members 
upon  the  considerable  decrease  (88,341)  in  the  number  of  shots 
tired.  He  had  intended  to  suggest  that,  instead  of  carrying  the 
main  intake-air  in  one  current  and  splitting  it  up  into  districts  as 
near  the  face  as  possible,  the  intake  and  return-airways  for  each 
district  should  be  made  as  distinct  as  possible,  so  that  if  an  explo- 
sion occurred  it  should,  if  possible,  be  confined  to  one  district. 
There  were  many  difficulties,  but  there  were  other  ways  of  dis- 
connecting districts  in  old  collieries.  In  his  mines-inspection 
district,  one  mining  engineer  had  thought  so  much  of  the 
Courrieres  disaster  that  he  had  put  in  iron  doors  to  separate  two 
seams.  He  (Mr.  Stokes)  had  seen  them,  and  he  felt  satisfied  that 
the  doors  and  the  way  in  which  they  were  built  in  would  stop  an 
explosion  extending  from  one  seam  into  the  other,  so  far  as  the 
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doors  were  concerned.  Supposing  it  were  made  obligatory  not  to 
fire  any  shots  whatever  in  main  road-ways,  except  under  the  con- 
ditions suggested,  then  the  rule  or  regulation  containing  the 
prohibition  might  also  include  permission  for  more  men  to  be 
allowed  in  the  mine  if,  as  Mr.  Hodges  contended,  ten  was  an 
insufficient  number.  The  legislative  enactment  that  made  pro- 
hibitions could  also  make  extensions,  if  necessary. 

Mr.  I.  Hodges  said  that,  if  they  could  separate  seams  with  two 
iron  doors,  it  would  be  much  cheaper  than  the  method  which  he 
was  adopting.  He  asked  whether  they  entirely  cut  off  the  intake 
and  the  return-airways,  and  closed  the  passages  into  the  mine. 

Mr.  A.  H.  Stokes  said  that  the  doors  were  used  to  separate  one 
seam  from  another,  and  they  were  put  in  between  the  shafts. 
The  best  plan  would  be  for  Mr.  Hodges  to  see  them,  and  he 
would  gladly  tell  him  where  they  were. 

Mr.  M.  Deacon  (Sheepbridge)  said  that  he  did  not  altogether 
see  any  special  advantage  in  discussing  the  Courrieres  explosion. 
Unfortunately,  a  number  of  explosions,  equally  instructive,  had 
happened  in  this  country,  and  it  was  only  the  large  number  of 
men  who  lost  their  fives  in  the  Courrieres  explosion  that  attracted 
so  much  attention  to  it.  An  explosion  in  this  country  in  which 
one  man  was  killed  might  be  of  as  great  importance  to  them,  as 
mining  engineers,  as  this  disaster  in  France,  in  which  1,1(J0  lives 
were  lost.  All  it  had  done  for  them  was  to  give  rise  to  a  renewal 
of  the  consideration  as  to  how  they,  in  this  country,  could  reduce 
the 'risks  of  similar  explosions.  He  thought,  as  Mr.  Stokes  had 
said,  that  there  was  ample  evidence  of  a  coal-dust  explosion  in  the 
results  at  Camerton.  With  regard  to  the  Uourrieres  explosion,  he 
should  be  extremely  sorry  to  give  any  opinion,  or  to  come  to  any 
sort  of  conclusion,  without  having  seen  the  mine  very  soon  after 
the  explosion.  The  question  of  preventing  the  spread  of  an 
explosion  was  a  large  one.  X  o  doubt  the  arrangement  of  ventila- 
tion-areas in  such  a  way  as  to  limit  any  explosion  which  might 
occur  was  a  proper  thing  for  the  members  to  take  into  considera- 
tion ;  but  it  was  a  matter  for  each  colliery  manager  to  consider 
for  himself.  Xo  general  rule  could  be  laid  down.  The  dividing 
of  collieries  by  barriers  was  absolutely  prohibitory,  because  with 
the  deep  sinkings  which  they  had  in  front  of  them  no  colliery 
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owner  would  be  disposed  to  sink  to  much  less  than  20  square 
miles  where  only  one  seam  existed.  Those  were  big  figures,  but 
lie  was  now  drawing  coal  2f  miles  from  the  shaft  and  doing  so 
economically.  He  was  sure  that  colliery  owners  were  not  going 
to  sink  £500,000  in  a  colliery  without  working  a  very  large 
area,  only  limited  by  the  distance  over  which  they  could  economic- 
ally draw  the  coal  to  one  shaft.  Therefore,  the  suggestion  to 
separate  a  mine  into  small  compartments  for  the  purpose  of 
limiting  the  effect  of  an  explosion  was  not  within  the  sphere  of 
practical  mining.  He  had  made  many  experiments  in  watering 
over  the  past  twenty  years  :  he  had  tried  watering  by  jets,  by 
barrels  after  the  manner  of  street-watering,  and  also  by  laying 
water-pipes,  with  taps  at  distances  of  100  or  150  feet,  watering 
the  floor,  sides  and  roof  of  the  roads,  by  means  of  a  hose  and  rose. 
He  was  very  strongly  impressed  with  the  desirability  of  watering 
wherever  the  roads  would  stand  it;  and  where  they  would,  and 
especially  where  the  dust  was  of  a  fine  and  impalpable  character, 
they  ought  certainly  to  be  watered.  In  the  Tredegar  explosion, 
they  had  direct  evidence  of  the  fact  that  watering  the  roads  had 
hindered  the  progress  of  the  explosion.  The  explosion  occurred 
at  the  face;  the  main  intake-airway  had  been  perfectly  and 
thoroughly  watered,  but  the  return-airways  had  not  been  watered 
and  were  very  dusty.  The  explosion  took  place  at  the  working- 
face,  but  instead  of  going  out  by  the  intake-airway  it  followed 
the  return-airway  to  the  pit-bottom.  The  onsetters  were  burnt, 
and  the  men  in  the  intake-airways  were  not  touched.  He  had  no 
hesitation  in  saying  that  watering  did  a  great  deal  towards  limit- 
ing the  seriousness  of  the  Tredegar  explosion. 

Mr.  J.  T.  Todd  said  that  Mr.  Stokes  had  recommended  him 
very  strongly  to  read  the  official  reports.  Would  Mr.  Stokes 
kindly  tell  him  in  what  report  he  would  find  any  record,  since 
the  Explosives  Order  was  instituted,  where  an  explosion  had 
occurred  by  shot-firing  on  a  main  haulage-road  with  any  of  the 
present  Permitted  Explosives  ? 

Mr.  Stokes  replied  that,  if  Mr.  Todd's  remark  had  reference 
solely  to  a  main  haulage-road,  he  had  misunderstood  him.  He 
believed,  however,  that  there  was  such  a  case,  and  he  would 
give  Mr.  Todd  some  quotations  in  confirmation.  In  the  report  on 
the  Wingate  Grange  explosion,  the  verdict  of  the  jury  was  to  the 
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effect  that  the  deceased  had  been  killed  "  by  an  explosion  caused 
by  the  firing  of  a  shot  in  the  main  haulage-way  in  the  Low  Main 
seam."*  H.M.  inspectors  of  mines  report  that  "  the  point  of 
origin  and  the  initial  cause  of  the  explosion  was  a  charge  of  the 
Permitted  Explosive  geloxite  fired  by  a  stoneman  by  means  of 
fuse  on  the  main  haulage-road,"  and  "  the  inflammable  agent, 
both  at  the  origin  and  in  the  propagation  of  the  explosion  was 
coal-dust  and  not  fire-damp. "t  Geloxite  was  a  Permitted  Explo- 
sive on  the  present  list,  and  it  was  only  five  months  since  the 
TTingate  Grange  explosion  had  occurred. 

The  Chairman  (Mr.  W.  G.  Phillips)  said  he  felt  that  the  dis- 
cussion was  not  by  any  means  exhausted,  and  that  the  paper 
was  a  most  valuable  contribution  towards  their  knowledge  of 
extensive  explosions.  Whatever  might  have  been  the  cause  of 
the  explosion,  whether  it  was  initiated  by  coal-dust  alone  or 
found  some  assistance  from  an  accumulation  of  fire-damp  at  the 
seat  of  the  accident,  there  could  be  no  doubt  that  it  owed  much 
of  its  vitality  and  devastating  power  to  the  dusty  condition  of  the 
roads.  He  had  come  to  that  conclusion  by  diligently  reading  this 
paper  by  Messrs.  Atkinson  and  Henshaw.  Confining  himself  to 
the  Lecoeuvre  heading  he  found,  on  making  a  slight  calculation, 
that  no  less  than  19  inches  of  xplosive  had  been  used  in  the  par- 
ticular hole  which  it  was  assumed  the  men  were  undrilling  at 
the  time  of  the  accident.  Mr.  Lewis  made  a  remark  to  the  effect 
that  the  three  men  at  the  end  of  the  heading  were  not  much 
injured,  but  there  were  plentiful  indications  in  the  heading,  in  the 
shape  of  coked  and  charred  coal-dust,  of  flame,  and  the  bodies  of 
the  men  were  reported  by  the  doctor  to  be  deeply  burned.  Cer- 
tainly, they  had  no  indication  whatever  as  to  the  state  of  the 
ventilation  in  this  particular  part  of  the  workings  previous  to  the 
explosion,  but  there  was  a  pair  of  levels  heading  from  the  top 
of  a  jig,  rising  1  in  6.  They  had  been  driven  about  500  feet, 
and  to  his  mind  it  was  very  ominous  indeed  that  on  the  date 
when  this  explosion  happened  there  was  no  one  working  in  the 
counter-heading.     They   did  not  know   why,   but  the   workings 

*  Reports  to  H.M.  Secretary  of  State  for  the  Home  Department  on  the  Circum- 
stances attending  an  Explorion'which  occurred  at  Wingati  Grange  Colliery,  Wingate, 
on  tlu  lJfth  October,  1906,  by  Mr.  A.  H.  Ruegg,  and  Messrs.  R.  D.  Bain  and 
J.  B.  Atkinson,  1907  [Cd.  3379],  page  13. 

t  Ibid.,  page  32. 
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were  far  removed  from  the  downcast  shaft,  the  ventilating-  current 
would  not  be  particularly  strong,  and  he  was  apprehensive  that 
at  the  time  the  condition  of  the  levels  was  such  as  not  to  be  free 
from  gas.  He  could  not  exactly  make  out  the  course  of  the 
ventilation ;  but  whether  the  intake-air  went  to  the  top,  and 
was  then  conveyed  by  pipes  to  the  end  of  the  bottom  heading, 
or  whether  it  was  the  other  way  about,  there  could  be  no  doubt 
that  the  ventilation  at  that  particular  point  could  not  be  very 
strong.  He  thought  that  the  condition  of  the  air-pipes,  as 
shown  by  the  photographs,  was  due  to  an  internal  explosion. 
It  was  not  one  pipe  alone  which  was  shattered,  but  from  the 
third  air-pipe  to  the  back  of  the  bottom  heading,  they  seemed 
to  have  been  blown  to  pieces.  There  was  strong  evidence 
that  something  besides  coal-dust  had  initiated  this  terrible  explo- 
sion, although  possibly  they  might  modify  their  views.  The 
great  interest  taken  in. this  explosion  was  due  to  the  effect  that  it 
might  have  on  mining  legislation  in  this  country.  Lord 
Monkswell's  Commission  had  been  dealing  with  the  coal-dust 
question,  and  they  had  to  bear  in  mind  that  when  a  terrible 
disaster  like  this  took  place  and  over  1,000  lives  were  lost,  it  struck 
terror  into  the  hearts  and  minds  of  the  public,  and  there  was  a 
tendency  on  the  part  of  some  who  knew  nothing  at  all  about 
what  was  required  for  safety  in  the  working  of  coal-mines  to 
press  for  unnecessary  legislation  on  the  subject.  When  the 
present  Commission  sent  in  their  report  he  was  afraid  that  some 
drastic  recommendations  would  be  made  to  the  Government, 
beyond  what  was  required  from  reasonable  considerations  of 
safety  in  this  country.  It  was,  therefore,  important  that  discus- 
sions should  be  held  by  engineers  in  order  that  they  might  be 
prepared  to  say  what,  in  their  judgment,  was  needed  to  avoid 
similar  disasters  in  Great  Britain.  Watering  in  all  shapes  was 
recommended.  Some  recommended  that  the  watering  should  be 
in  zones,  and  others  over  the  whole  length  of  the  intake  roads. 
They  might  well  turn  their  attention  to  the  prevention  of  dust, 
as  well  as  to  its  removal.  Mr.  W.  N.  Atkinson  stated  in  his 
report  that  the  condition  of  the  tubs  and  roads  in  some  parts  of 
his  mines-inspection  district  was  barbarous.  In  transporting 
coal  from  the  face  to  the  pit-bottom  a  great  deal  might  be  done 
to  prevent  the  deposit  of  dust  on  the  main  haulage-roads :  good 
tubs  were  essential,  which  need  not  be  of  iron,  and  slow  systems 
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of  haulage  wherever  they  could  be  adopted.  Another  point  was 
that  of  the  downcast-shaft  taking  an  atmosphere  laden  with  coal- 
dust  from  the  screens,  a  condition  of  things  that  certainly  pre- 
vailed at  some  collieries.  The  photographs  of  the  surface-works 
at  the  Courrieres  collieries  showed  an  elaborate  heapstead,  and 
from  an  architectural  point  of  view  everything  was  very  fine ; 
but  the  only  parts  of  the  headgear  to  be  seen  were  the  pulleys. 
The  downcast-shaft  was  placed  in  the  midst  of  the  screening 
arrangements  and  how  was  it  possible  that  under  such  conditions 
the  air  carried  down  into  the  workings  could  be  other  than  laden 
with  the  finest  and  most  impalpable  dust  from  the  screens  ? 

The  further  discussion  was  adjourned. 


Mr.  E.  Greaves'  paper  on  the  "  Elliott  Washer  and  Hardy 
Dust-extractor  and  Grinder"'  was  read  as  follows:  — 
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ELLIOTT    WASHER.    AXD    HARDY    DUST-EXTRACTOR 
VXD    GRIXDER. 


Bt  e.  greaves. 


IxTRODUCTIOX. 

The  growing  spirit  of  economy  in  the  coal-mining  industry, 
and  the  pressure  that  is  being  brought  to  bear  on  colliery 
managers  by  the  Government  authorities  to  avoid,  wherever  pos- 
sible, the  gobbing  of  coal  on  account  of  the  danger  of  gob-fires, 
without  mentioning  the  national  economic  side  of  the  question, 
are  doubtless  to  a  great  extent  the  reasons  why  large  quantities 
of  small  coal,  which  were  formerly  gobbed,  are  now  drawn  to  the 
surface.  The  appliances  introduced  during  the  last  few  years  to 
utilize  small  and  inferior  coal  for  generating  steam,  making 
briquettes,  etc.,  the  ever  increasing  demand  for  coke,  etc.,  make 
slack  and  duff,  which  were  formerly  looked  upon  almost  as  waste, 
a  very  valuable  product.  At  present  there  is  hardly  any  class  of 
small  coal  which  cannot  be  utilized  either  for  coking  or  for 
briquetting,  for  hand  or  mechanical  firing,  if  the  percentage  of 
ash  in  it  is  not  too  high. 

Coal-consumers  now  seek  economy  far  more  than  formerly, 
and  refuse  to  buy  coal  containing  much  free  ash;  coal-owners 
are  far  keener  than  they  were  to  utilize  every  possible  product, 
and  bye-product  plants  are  being  erected  in  all  directions,  so  that 
coal-washers,  which  at  one  time  were  a  rarity,  are  now  becoming 
general,  and  in  a  few  years  will  become  as  necessary  a  part  of  a 
colliery-plant  as  the  screens  and  sidings.  Where  there  were 
formerly  two  or  three  sizes  of  coal,  there  are  now  a  dozen,  and 
washed  peas,  washed  breeze,  washed  nuts,  smudge,  etc.,  are 
eveiyday  terms  in  the  coal-trade. 

Elliott  "Washer. 

The  Elliott  coal-washer  is  based  on  the  theory  of  all  coal- 
washers,  namely,  that  the  coal  and  shale  dirt,  being  of  different 
specific  gravities,  fall  through  water  at  different  velocities ;  the 
shale  being  heavier  than  the  coal,  if  approximately  of  the  same 
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cubic  capacity,  offers  more  resistance  to  the  stream  of  water  and 
settles,  whilst  the  coal  being  lighter  is  carried  away  with  the 
stream.  The  Elliott  is  an  improvement  on  the  old  trough- 
washer,  at  one  time  so  much  in  favour  with  colliery  managers  on 
account  of  its  simplicity  and  efficacy.  Indeed,  it  only  fell  into 
disuse  because  too  much  depended  on  the  attendant  in  charge,  as 
it  was  necessary  to  run  the  coal  and  water  into  the  second  trough 
so  soon  as  the  dams  or  stops  in  the  first  trough  had  got  charged 
with  dirt ;  and,  unless  this  was  done  at  the  right  moment,  the  dirt 
in  the  dams  or  stops  was  carried  away  with  the  coal,  with  conse- 
quent bad  washing  results.  The  labour  required  in  removing  the 
dirt  from  the  dams  was  a  serious  item,  besides  the  cost  of  the  second 
trough  and  the  extra  space  necessary.  Furthermore,  the  old 
trough  system  was  hardly  elastic  enough  for  modern  requirements. 

The  Elliott  trough-washer  possesses  all  the  advantages  of  the 
old  system  without  any  of  the  disadvantages,  being  absolutely 
automatic  in  its  action,  requiring  no  skilled  attendant  or  manual 
labour;  and  each  trough  washes  continually 
without  interruption,  the  coal  and   water     \ 
being  delivered  at  the  lower,  and  the  dirt  at       \ 

the  upper  end.    The  Elliott  trough  (fig.  1),  \ 

which  is  generally  fixed  at  an  inclination  of  Fig.  l.—  Trough. 

1  in  12,  is  constructed  of  cast-iron  or  steel 

with  a  flat  bottom  18  inches  wide,  and  sloping  sides,  giving  a 
width  at  the  top  of  30  inches;  the  total  length  is  60  feet  and  the 
depth  usually  11  inches.  At  each  end  of  the  trough,  sprocket- 
wheels  are  fixed,  which  carry  an  endless  chain.  At  right  angles 
to  this  chain,  scrapers  are  attached  at  suitable  distances,  which 
are  of  the  same  section  as  the  lower  part  of  the  trough.  The 
scraper-chain  travels  along  the  bottom  of  the  trough  to  the  upper 
end,  and  runs  back  over  the  trough  on  bracket-rollers,  bridged  at 
intervals  over  the  trough,  the  chain  being  driven  by  the  sprocket- 
wheels  at  the  upper  end.  The  scrapers  in  this  manner  form 
travelling  dams,  which  catch  the  shale  and  dirt  settling  in  the 
bottom  of  the  trough,  and  cany  them  to  the  upper  end  ;  whilst 
the  lighter  coal  is  carried  by  the  water  over  the  dams  and 
delivered  at  the  lower  end. 

The  coal  from  which  the  fine  dust  has  been  removed  is 
delivered  into  the  trough  at  a  point  about  25  to  30  feet  from  the 
top  end.     The  water,  being  admitted  as  near  the  upper  end  as 
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possible,  runs  down  the  trough  and  cascades  over  the  scrapers, 
taking-  with  it  any  coal  that  may  still  be  mixed  with  the  dirt. 
When  it  arrives  at  the  delivery-points  of  the  coal,  about  half-way 
down,  its  chief  determinating  action  begins;  the  heavier  shale 
and  dirt  settle  down,  and,  being  caught  by  the  scrapers,  are  con- 
veyed to  the  upper  end,  whilst  the  lighter  coal  is  washed  over  the 
scrapers' by  the  stream  to  the  lower  end,  where  it  is  discharged 
on  to  oscillating  or  other  water-screens.  These  practically  free 
the  coal  from  the  water,  which  runs  into  a  cistern  and  is 
then  pumped  back  to  the  upper  end  of  the  trough  to  be  used 
again.  It  will  thus  be  seen  that  the  upper  half  of  the  trough- 
length  serves  to  wash  the  dirt  and  shale  free  of  coal,  whilst  the 
lower  half  serves  to  wash  the  coal  free  of  shale.  When  the 
washer  is  at  work  it  will  be  noticed  that  the  scrapers,  as  they 
begin  to  ascend  the  trough  at  the  bottom  end,  are  dammed  up 
with  coal  as  well  as  shale,  the  whole,  however,  turning  over  and 
over  from  the  action  of  the  water  running  in  the  opposite  direc- 
tion down  the  trough.  As  the  scrapers  proceed  to  the  upper  end, 
it  will  be  noticed  that  the  coal  behind  the  dams  is  gradually 
churned  up  and  carried  away  by  the  water,  so  that  when  they 
arrive  at  the  upper  end,  the  scraper-dams  are  free  from  coal,  and 
discharge  nothing  but  shale  and  dirt. 

Formerly,  the  Elliott  washer  was  fitted  with  flat  straight 
scrapers  driven  by  one  chain,  which  gave  perfect  results  with 
nuts,  etc.,  and  fairly  good  results  with  duff.  Practical  ex- 
perience, however,  shewed  that  better  results  might  be  obtained 
by  altering  the  structure  and  shape  of  the  scrapers.  Duff  requir- 
ing a  slower  action  of  the  water,  it  was  found  that  the  natural  ten- 
dency of  the  water  to  follow  the  line  of  least  resistance  caused 
the  coal  in  the  middle  part  of  the  trough  to  be  perfectly  freed  from 
shale,  whilst  the  coal  at  each  side  of  the  scrapers  was  washed  less 
effectively.  To  obviate  this  defect,  new  types  of  scrapers,  driven 
either  by  a  single  or  by  a  double  chain  have  been  introduced. 
These  scrapers  are  made  either  convex  or  concave,  or  serrated 
throughout  their  width,  in  such  a  way  that  the  water,  on  reach- 
ing each  scraper,  is  baffled  into  several  channels  instead  of  run- 
ning in  one  as  formerly.  This  ensures  continuous  movement  in 
the  material  as  it  is  transported  by  the  scrapers  from  one  end  of 
the  trough  to  the  other,  and  the  washing  is  equally  effective 
throughout  the  whole  width  of  the  scrapers.  By  this  arrangement 
the  improved  Elliott  washer  can  treat  perfectly  any  size  of  coal 
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down  to  the  finest  dust,  so  that  even  the  finest  grains  are  washed, 
and  the  dust  being  so  slight  a  percentage  of  the  whole,  it  can 
be  added  to  the  washed  coal  without  materially  increasing  the 
percentage  of  ash ;  modern  requirements  are  thus  met,  the  whole 
of  the  duff  utilized,  and  any  loss  avoided. 

The  troughs  are  supplied  with  a  differential  headstock,  so  that 
the  speed  of  the  scraper-chain  can  be  varied  to  suit  the  class  of 
coal  that  is  being  washed.  It  is  advisable  to  have  a  water- 
cistern  at  the  upper  end,  fitted  with  spray-taps,  so  that  the 
operator  can  regulate  the  volume  of  water  for  each  size  of  coal. 

To  ensure  perfect  washing,  that  is.  shale  free  from  loose  coal 
and  coal  free  from  loose  ash,  the  coal  before  washing  should  not 
only  have  the  fine  dust  carefully  eliminated,  but  it  should  be 
classified.  The  Elliott  being  a  stream-washer  does  not  require 
the  same  amount  of  classification  as  in  piston  and  other  washing 
systems.  Theoretically,  the  coal  being  washed  should  never 
exceed  in  cubic  capacity  three-and-a-ha1  f  times  the  size  of  the 
smallest  piece  of  shale,  assuming  the  average  specific  gravity  of 
coal  to  be  1*4  and  that  of  carboniferous  shale  2"4.  If  the  specific 
gravity  of  the  material  that  is  being  treated  differs  from  the 
above,  the  results  will  be  different:  but  the  practical  results  of 
washing  with  the  Elliott  trough,  in  many  countries,  and  with 
practically  every  class  of  coal  and  shale,  have  shown  conclusively 
that  only,three  sizes  are  necessary  for  washing,  that  is  :  (a)  I  inch 
to  I  inch,  (b)  ^  inch  to  |  inch,  and  (c)  f  inch  and  upwards. 

Mr.  Franz  Poech,*  in  a  lecture  given  in  Vienna  a  few 
years  ago.  explained  the  action  of  the  Elliott  washer  as  a 
continued  forcing  forwards  of  the  particles  against  the  counter- 
acting friction  and  inertia  of  the  same,  the  former  being  of  less 
importance  than  the  latter.  The  particles  of  coal  being  treated 
arc  exposed  to  the  pressure  of  the  water,  and  carried  forward  by 
impact  and  pressure,  so  that  if  p  is  the  pressure  of  the  water : 
d,  the  ideal  diameter  of  the  particles!  :  and  s,  the  distance  along 
which  they  are  exposed  to  the  pressure  of  the  water ;  the  motive 
force  may  be  written  :  F  equals  jnl2.?,  and  the  moment  of  inertia, 
M  equals  P/g,  may  be  expressed  thus:  — 

Mr         Pr'-  m 

2    _  2g } 

*  "  Ueber  einige  Bergwerksapparate,"  by  Mr.  Franz  Poech,  Oesterreichischen 
Zeitschrift  fur  Berg-  und  HMenioesen,  Vereins-Mittheilungen,  1S95,  page  35. 

tThe  ideal  diameter  is  the  diameter  of  a  sphere  of  a  mass  equal  to  that  of 
the  irregular  particle. 
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In  tlie  preceding  formula,  M  is  the  mass ;  v,  the  velocity  in  feet 
per  second ;  P,  the  weight  of  a  particle  in  water ;  g,  the  accelera- 
tion due  to  gravity;  and  as  P  equals  ml3 [8— l)/6  where  8  is  the 
specific    gravity  of    the    coal,    then   the    formula   (1)    becomes  : 

Mr2           .      ird3(S-iy       AT     .     A.  .  .  ,.  J9  .      Mv2 

-Q-  equals   -^ '     JN  eglecting    friction  :    pa's   equals    -o- 

equals  -  ^^- 1  *2  equals  J^^,  and  r  equals    J^^y 

Consequently,  if  -  equals  the  constant  (7',  then : 

"= y^h)  •  •  • (3) 

Similarly   for    a   particle    of    the   diameter,   rfa,   the   specific 
gravity,  8,,  and  at  a  velocity,  v1}  it  follows  that: 

(3) 


J, 


^i(S,  —  1)      ' 

The  second  (2)  equa  ion  being  divided  by  the  third  (3)  equa- 
tion, and  each  side  being  squared,  it  follows  that  : 
v"  _  (1,(8,-1) 

v,2  ~    d(8-l) W 

When   v  equals   i\,  the   point   at    which   the   separation   of 
particles    of   different    diameter    and   different    specific   gravity 
is  no  longer  possible,  the  equation  (4)  becomes  : 
1       4(8,-1)         d       8,  -1 

1  =  ,7(8-d  ' or  4  =  r^r W 

It  follows,  therefore,  that  separation  is  no  longer  possible  when 
the  diameters  of  the  particles  are  inversely  proportional  to  their 
specific  gravity  minus  1. 

This  bears  out  the  formula  that  von  Kittinsrer  deduced  from 


the  laws  of  gravitation:  v  equals  2,44v/2)(8—  1),  in  which  2"44 
is  a  constant  arrived  at  from  practical  experiments.*  Thus  if 
8  equals  1"4,  the  specific  gravity  of  coal ;  and  8X  equals  2'4, 
the    specific    gravity    of    shale ;  the    equation    (5)    would    show 

that     -r  =  -~ 7T-  =  n— j T  =  ~— .  =  3"5.      Consequently,  <1  equals 

ilx        b  —  1        r4  —  1       U'4 

3'bd1}    demonstrating     that     the     diameter    of     the     grains     or 

particles  of  coal  should  correspond  with  the  grains  or  particles 

of  shale  as  3^  to  1.      Of  course,  where  a  fixed  constant  is  only 

assumed,   one  naturally  doubts  a   result   obtained  from   such   a 

basis,  but  the  writer  repeats  that  many  years'  experience  of  the 

*  Lehrbuch  der  Aufbereitungshunde,  by  Prof,  von  Rittinger,  1867,  page  191. 
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Elliott  washer  in  different  countries,  with  all  sorts  of  coal  and 
shale,  has  shewn  that  to  get  the  best  results  in  washing,  the  coal 
should  be  classified  in  such  a  way  that  the  smallest  grain  of 
shale  should  not  be  exceeded  more  than  3  A  to  4  times  by  the 
largest  piece  of  coal  in  that  particular  category.  One  to  four 
has  heen  adopted  for  practical  purposes,  so  that  when  up  to  |  inch 
is  eliminated,  for  coking  or  briquetting  purposes  three  sizes  only 
are  necessary,  that  is:  (a)  |  inch  to  |  inch,  (b)  ]  inch  to  f  inch, 
and  (c)  |  inch  and  upward-. 

For  sale  purposes,  such  as  washed  smudge,  peas,  small  and 
large  breeze,  nuts,  etc.,  it  is  best  to  classify  before  washing,  and 
treat  each  size  in  its  trough  or  troughs  according  to  quantity, 
not  losing  sight  of  the  economical  question  as  regards  the  number 
of  troughs. 

The  output  per  trough  depends  on  the  size  and  nature  of  the 
coal  that  is  being  treated,  but  generally  varies  from  4  tons  per 
hour  for  the  smallest  size  (J  inch  to  \  inch)  up  to  12  tons  per  hour 
for  large  nuts.  If  the  number  of  troughs  be  limited,  and  classifi- 
cation after  washing  be  compulsory,  the  screening  should  be 
confined  as  far  as  possible  to  the  larger  sizes. 

Hardy  Dust-extractor. 

The  removal  of  very  fine  dust  is  always  a  matter  of  some 
difficulty,  especially  if  the  coal  be  damp  or  sticky,  unless 
hydraulic  screens  are  used ;  and  sometimes  it  has  been  found  to  be 
impossible  to  screen  out  anything  less  than  |  inch.  Where  only 
small  breeze  was  washed,  say,  up  to  ^  inch  or  f  inch,  it  was  found 
impracticable  to  eliminate  \  inch  as  it  formed  too  great  a  propor- 
tion of  the  coal  that  was  being  treated ;  and  when  attempts  were 
made  to  remove  ^  inch  the  holes  in  the  screen-plates  became 
clogged,  and  the  screening  results  were  very  bad.  Experiments 
were  made  in  order  to  overcome  this  difficulty,  which  resulted 
in  the  introduction  of  the  Hardy  dust-extractor,  a  very  simple 
contrivance.  With  this  dust-extractor,  it  is  possible  to  extract 
down  to  tV  inch  if  the  coal  is  dry,  so  that  all  the  coal  from  TV 
inch  upwards  can  be  washed.  Any  sized  grain  of  coal  can  be 
treated  successfully  with  the  Elliott  washer;  the  only  unwashable 
stuff  is  the  very  fine  dust,  and,  in  consequence  of  the  possibility 
of  washing  down  to  TV  inch,  all  the  dust  may  be  added  to  the 
washed  coal  without  increasing  seriously  the  percentage  of  ash 
in  the  whole. 
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As  the  whole  of  the  dust  and  sehlamm  are  used,  there  is 
practically  no  loss  with  the  improved  Elliott  washer,  the  output 
of  coke  per  100  tons  of  coal  treated  being  higher  than  with  any 
other  system. 

The  Hardy  dust-extractor  is  fitted  over  the  screen  which  sizes 
the  coal  that  enters  the  washing  troughs.  The  small  stuff,  up  to  | 
inch  falls  into  a  hopper  or  receptacle,  fitted  with  two  or  three 
angular  plates  or  baffles,  so  arranged  as  to  spread  the  falling 
material  into  a  thin  stream.  In  its  descent  it  comes  into  contact 
with  a  current  of  air  from  a  fan,  or  induced  draught,  sufficiently 
strong  to  carry  away  the  fine  dust-particles  and  draw  them 
through  an  opening  into  a  special  chamber ;  whilst  the  larger 
stuff  falls  down  a  shoot  on  to  a  conveyor,  which  delivers  it  into 
the  washing  troughs.  The  dust-outlet  is  fitted  with  a  baffling 
screen  to  prevent  any  stray  grains  from  escaping  with  the  dust, 
which  is  carried  into  a  special  hopper  where  it  is  delivered  on  to  a 
conveyor  and  transported  to  the  disintegrator  to  be  well  mixed 
with  the  washed  coal  whilst  being  ground.  The  dust-hopper  or 
chamber  is  fitted  with  an  opening  at  the  top,  to  allow  of  the  air 
escaping  when  the  coal-dust  has  settled.  If  the  dust,  which  is 
removed,  contains  a  high  percentage  of  ash,  the  whole  of  it 
cannot,  of  course,  be  added,  as  this  would  increase  too  greatly  the 
percentage  of  ash  in  the  washed  coal.  For  example,  if  the  coal- 
dust  under  iV  inch  be  estimated  to  represent  10  per  cent,  of  the 
whole  of  the  coal  to  be  treated,  assuming  that  the  dust  from 
0  to  ys  lucn  contain  the  same  proportion  of  ash  as  the  larger 
coal,  and  assuming  that  the  ash  in  the  coal  be  reduced  from  15 
per  cent,  to  5  per  cent,  by  washing,  the  addition  of  the  whole  of 
the  dust  would  increase  the  percentage  of  ash  in  the  washed  coal 
to  6 j  per  cent.,  or  if  only  half  the  eliminated  dust  were  added,  to 
about  5J  per  cent. 

This  mixture  of  the  whole,  or  certain  proportions,  of  the  dust 
with  the  washed  coal  renders  the  Elliott  washer  as  elastic  as  the 
more  complicated  and  costly  systems,  because  the  percentage  of 
ash  in  the  coal,  coke  or  briquette  can  be  regulated  according  to 
the  exigencies  of  the  contract  or  the  market.  In  the  preceding 
example  the  minimum  is  5^  per  cent,  and  the  maximum  6|  per 
cent,  of  ash,  sehlamm  being  left  out  of  the  question,  as  it  amounts 
generally  to  only  2  tons  per  100  tons  treated,  if  the  dust  is 
well  screened  out;   but,  if  a  higher  maximum  limit  is  required, 
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this  can  be  easily  obtained  by  eliminating  up  to  £  or  §  inch  by 
regulating-  the  dust-extractor  accordingly.  In  the  case  of  coal 
not  destined  for  briquetting  or  coking,  the  desired  proportion  of 
dust  should  be  mixed  only  with  the  smallest  size  of  washed  coal, 
as  added  dust  spoils  the  appearance  of  beans  and  nuts:  in  fact, 
where  washed  coal  is  not  coked  or  briquetted,  it  is  better  to  have 
an  extra  category  of  small  to  receive  the  dust  and  to  be  disposed 
of  as  washed  smudge. 

Working  of  the  Elliott  Washer. 

If  the  dust  be  well  eliminated,  a  settling  pond  or  tank  is  not 
absolutely  necessary  in  washers  for  coking  or  briquetting  pur- 
purposes,  as  the  proportion  of  schlamm  is  very  small  (about  2  per 
cent.)  so  that  the  density  of  the  water  is  not  seriously  affected, 
and  the  washing  results  remain  practically  the  same  with  or  with- 
out decanting  tanks.  But,  in  the  case  of  washed  coal  for  sale, 
tanks  are  advisable,  as  a  finer  washed  sample  is  produced  if  the 
schlamm  is  allowed  to  settle  in  a  decanting  tank.  Even  if  the 
nuts  are  sprayed  with  the  fresh  water,  the  final  result  with  this 
class  of  washer  (non-coking)  is  not  so  satisfactory  as  with  some 
systems  of  decanting  the  water  before  it  is  used  again.  The 
different  mode  of  action  in  the  piston-type  of  washer  entails  far 
more  classification  to  get  the  best  washing  results,  which  explains 
many  of  the  complications  in  this  class  of  washer,  leading  to 
increased  friction  and  consequent  increase  of  the  schlamm,  the 
bugbear  of  coal-washing. 

It  is  satisfactory  to  know  that  the  schlamm  in  the  Elliott 
washer  is  reduced  to  an  absolute  minimum,  as  the  coal  only 
undergoes  one  operation,  whilst  in  the  more  complicated  piston- 
washers  it  is  transported  to  and  fro,  which  results  in  increased 
friction,  causing  a  larger  proportion  of  schlamm.  In  some 
Elliott  washers  settling  tanks  are  dispensed  with,  the  water  from 
the  troughs  being  collected  in  a  receptacle  tapered  down  to  the 
inlet-pipe  of  the  pump,  the  schlamm  circulating  with  the  water 
until  it  settles  either  with  the  coal  or  with  the  dirt.  This  process 
of  settlement  is  so  regular  that  the  fresh  delivery-water  suffices  to 
keep  the  water  sufficiently  clear  to  get  good  washing  results. 
There  are  Elliott  washers  with  settling  tanks  giving  only  4  tons 
of  schlamm  per  week  on  a  total  output  of  1,600  tons,  or  \  per 
cent. ;  in  other  washers  the  quantity  of  schlamm  will  reach  2  per 
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cent.,  much  depending-  on  the  nature  of  the  coal,  the  effective 
removal  of  the  dust,  and  good  practical  water-screens. 

"Where  the  difference  between  the  specific  gravity  of  the  coal 
and  that  of  the  dirt  is  small,  the  question  of  the  inclination  of 
the  trough  is  important :  but  an  inclination  of  1  in  12  is  suitable 
for  general  purposes,  and  is  usually  adopted.  Generally,  coal 
upwards  of  2  inches  in  diameter  is  not  washed,  hand-picking 
being  more  practicable;  but  if  coal  between  2  and  3  inches  is  to 
bi'  washed,  an  inclination  of  1  in  10  will  be  found  to  yield  better 
results. 

For  the  larger  sizes  of  coal,  such  as  nuts,  etc.,  scrapers  4  to  5 
feet  apart  and  2f  inches  in  depth  will  give  perfect  results;  but 
for  the  smaller  sizes,  such  as  beans,  smudge,  etc.,  the  scrapers 
should  be  fixed  only  2  feet  to  3  feet  apart  and  lh  inches  to  2  inches 
in  depth.  By  adapting  the  speed  of  the  chain,  the  number  and 
height  of  the  scrapers,  the  inclination  of  the  trough,  and  the 
volume  <»f  water  to  the  class  of  coal  that  is  being  washed,  abso- 
lutely perfect  washing  results  may  be  obtained  with  any  coals 
which  differ  in  specific  gravity  from  the  shale  that  is  to  be  washed 
out :  this  is  done  at  one  operation,  proving  this  to  be  the 
simplest,  most  effective,  and  most  adaptable  coal-washing  system. 
This  adaptability  and  elasticity  are  of  vital  importance,  as,  for 
instance,  where  the  coal  being  treated  contains  any  batten  coal, 
or  coal  with  streaks  of  shale,  the  water  can  be  so  regulated  as 
to  deliver  it  either  with  the  shale  or  with  the  coal,  as  required. 

The  Elliott  washer  possesses  an  advantage  over  the  piston- 
washer  that  is  not  generally  known,  namely,  its  effective  treat- 
ment of  shale-flats,  and  the  thin  lenticular  shale  so  prevalent  in 
some  coal-seams.  These  float  away  with  the  coal  in  the  piston- 
washer,  whilst  the  peculiar  dam-action  of  the  trough-washer 
ensures  the  flat  thin  shale  being  caught  long  before  it  reaches 
the  lower  end  of  the  trough ;  and,  when  once  shale  gets  caught  in 
a  scraper,  it  rarely  escapes  before  it  is  expelled  at  the  upper  end. 
The  writer  does  not  maintain  that  it  is  impossible  for  a  thin 
piece  of  shale  to  escape  with  the  coal,  but  he  contends  that  the 
proportion  is  very  trifling  compared  with  the  piston-type  of 
washer.  The  writer  has  seen  washed  nuts  from  a  large  modern 
piston-washer  plant  being  treated  by  special  screens,  so  con- 
structed that  the  cubical  nuts  ran  over  the  screens,  whilst  the 
flat  lenticular  pieces  of  shale  fell  through  the  narrow  specially 
arranged    meshes.     There    were    such   large    quantities    of  this 
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lenticular  shale,  that  the  nuts  were  practically  unsaleable  until 
it  was  removed. 

It  is  evident  that  the  motive  power  required  for  washing  with 
the  Elliott  trough  is  considerably  less  than  for  washing  in  a 
piston-washer,  and  that  the  maintenance-charges  are  a  mere 
trifle  in  comparison.  The  wear-and-tear  is  practically  confined 
to  the  scrapers,  which,  being  of  very  simple  construction,  can 
be  easily  made  by  any  ordinary  colliery-smith  in  his  spare  time. 
If  the  water  which  is  used  is  moderately  free  from  acid,  the 
trough-sheets  will  last  for  years. 

After  it  is  once  regulated  for  the  coal  that  is  being  treated, 
the  Elliott  washer  requires  no  attention,  so  that  the  man  in 
charge  can  devote  the  bulk  of  his  time  to  some  other  work. 
When  the  washer  is  stopped,  all  the  water  at  once  runs  down  to 
the  pump-well  so  that  no  airtight  buildings  are  required,  as 
nothing  can  freeze  even  in  the  severest  winter ;  and,  as  there  is 
no  quick  running  or  heavy  machinery,  only  a  light  structure  is 
required.  In  plants  for  coking  or  briquetting,  the  grinding 
machinery  is  always  placed  on  the  ground  floor.  Each  ton  of 
coal  that  is  being  washed  requires  about  700  gallons  of  water  in 
circulation  ;  and,  if  the  dust  is  well  eliminated  and  the  proportion 
of  breeze  and  nuts  is  about  equal,  the  water-wastage  will  be  very 
low,  well  under  5  per  cent.,  35  gallons  per  ton  washed :  for  the 
Elliott  water-screens  are  veiy  effective,  and  the  wastage  is  con- 
fined to  the  water  in  the  washed  coal.  It  will  be  found  that 
very  little  fresh  water  is  necessary  to  keep  up  the  washing 
supply  if  special  arrangements  are  made  to  free  the  washed  coal 
thoroughly  from  water  by  running  it  on  a  perforated  conveyor 
as  it  is  delivered  from  the  water-screens,  the  conveyor  being 
provided  with  catch-drops  at  suitable  distances  to  shake  and 
turn  over  the  coal. 

It  is  impossible  to  determine  the  motive  power  that  will  be 
required,  as  so  much  depends  on  the  material  being  washed,  the 
height  of  the  elevators,  and  different  local  conditions ;  but  there 
is  not  the  slightest  doubt  that,  whatever  the  conditions  may  be, 
far  less  power  is  required  for  the  Elliott  than  for  the  piston 
type  of  washer.  There  are  several  Elliott  washers  now  working 
which  treat  1,000  tons  per  clay  of  10  hours  and  are  driven 
entirely  by  a  90  horsepower  engine,  the  plant  including  duff- 
screens,  sieves,  elevators,  pumps,  scraper-chains,  water-screens, 
disintegrators,  etc. 
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The  working  expenses,  power,  labour  in  washing,  cleaning 
out  settling  tank,  repairs,  belting,  oil,  etc.,  vary  from  Id.  to  1 A d . 
per  ton,  excluding  the  sinking  fund  for  redemption  of  capital, 
which  may  vary  from  £5,000  for  a  washer  capable  of  treating 
1.000  tons  per  day  of  10  hours,  up  to  £10,000,  according  to  the 
class  of  building  and  general  elasticity  required  in  the  washer. 

If  the  dust  is  well  screened  out  and  the  coal  classified  in  tbree 
sizes,  the  first  up  to  J  inch,  the  second  \  inch  to  5  inch,  and  the 
third  over  5  inch,  it  will  be  found  that  there  is  practically  no  free 
cool  in  the  shale,  and  that  the  washed  coal,  on  analysis,  -hows  only 
A  to  1  per  cent,  more  than  its  natural  fixed  ash,  the  lower 
percentage  being  obtained  with  coal  containing,  wben  unwashed, 
12  per  cent.,  and  the  higher  with  coal  containing,  when  un- 
washed, 17  to  20  per  cent,  of  ash. 

The  main  advantages  and  features  of  the  Elliott  washer,  as 
compared  with  the  piston-type,  are  as  follows  : — Low  initial  cost, 
greatly  reduced  labour-charges,  very  low  repair  and  maintenance- 
charges,  great  reduction  in  motive  power,  utilization  of  the 
whole  of  the  duff  or  dust,  minimum  of  wastage,  and  maximum 
of  elasticity  and  efficiency. 

Devil  Disintegrator. 

A  very  important  factor  in  coking  and  briquetting  is  the  grind- 
ing apparatus.  It  is  not  generally  and  sufficiently  recognized 
how  important  a  part  the  grinder  play^  in  the  structure  of  the 
coke.  However  small  the  coal  may  be  ground,  the  uniformity 
of  the  grain  is  of  vital  importance.  With  the  ordinary  double 
disc  bar  disintegrator,  it  is  impossible  to  secure  a  regular  uniform 
sample,  and  it  will  be  found  that  there  is  always  a  great  variety 
of  dust,  of  small  and  larger  grain  in  the  product  of  this  type  of 
disintegrator,  which  results  in  the  coke  being  too  badly  fissured 
and  broken  up. 

The  devil  disintegrator  consists  of  two  rings  fitted  with  rows 
of  teeth  of  different  sizes  arranged  in  concentric  circles,  one  of  the 
rings  being  fixed  and  the  other  revolving,  the  teeth  of  the  revolv- 
ing ring  fitting  into  the  interstices  of  the  teeth  of  the  fixed  ring. 
By  means  of  a  simple  attachment  on  the  revolving  ring,  it  can  be 
brought  closely  into  contact  with,  or  at  any  desired  distance  from, 
the  stationary  ring,  thus  enabling  the  operator  to  grind  to  any 
desired  size  and  ensuring  greater  uniformity  in  size  of  coal 
ground  than  with  the  bar  type  of  grinder,  which  is  more  percus- 
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sive  in  its  action  and  produces  a  mixture  of  very  fine  coal-dust 
and  different  sized  grains.  Coal  ground  by  the  devil  disinte- 
grator yields  coke  of  a  better  structure  than  coal  pulverized  by 
the  bar-type  of  disintegrator.  There  is  an  arrangement  in  the 
devil  disintegrator  which  prevents  coherence,  an  important  fea- 
ture with  wet  coal,  or  a  mixture  of  coal  and  pitch  for  briquetting. 
The  rings  are  made  of  cast-iron  well  chilled;  and  they  last 
about  12  months,  if  the  rings  are  reversed  in  running  when  the 
teeth  on  one  side  are  ground  down.  No  reserve  disintegrator  is 
necessary,  but  simply  a  pair  of  reserve  rings,  which  can  be  fixed 
by  an  ordinary  labourer  in  an  hour.  The  devil  disintegrator  only 
requires  one  belt,  it  is  easily  dismounted,  and  takes  less  power 
than  an  ordinary  disintegrator. 

Many  may  wonder  why  so  many  foreign  complicated  and 
costly  washers,  costly  both  as  regards  initial  outlay  and  cost  of 
running  and  maintenance,  have  been  and  are  being  erected  in 
Great  Britain,  when  so  cheap  and  effective  a  washer  has  been 
designed  and  constructed  in  this  country.  Germany  was  the 
pioneer  of  modern  coal-washing,  and  brought  to  the  front  the 
economic  questions  of  utilizing  waste  by  manufacturing 
briquettes  and  recovering  bye-products,  using  the  waste-gas  for 
power  purposes,  and  classifying  coal  so  as  to  render  it  suitable  for 
each  class  of  consumer ;  in  fact  there  is  no  doubt  that  German 
engineers  were  at  work  in  this  direction,  and  recognized  the 
importance  of  utilizing  waste,  etc.,  many  years  before  their 
British  colleagues.  This  fact  has  given  German  constructors  a 
certain  advantage,  and  many  British  colliery  managers  have  the 
impression  that  anything  up-to-date  in  this  particular  line  can 
only  be  procured  abroad.  This  may  have  been  the  case  10  years 
ago,  but  certainly  not  to-day. 


The  Chairman  (Mr.  W.  G.  Phillips)  said  that  the  arrange- 
ment described  by  Mr.  Greaves  appeared  to  have  many  merits. 
It  utilized  not  only  coal,  but  other  stuff,  to  which,  in  the  ordin- 
ary state  of  the  market,  customers  objected.  He  had  much 
pleasure  in  moving  a  hearty  vote  of  thanks  to  Mr.  Greaves  for 
his  paper. 

The  resolution  was  unanimously  agreed  to,  and  the  discussion 
was  postponed  to  a  future  meeting. 


fi2  DISCUSSION ELECTRIC     WINDING     FOR     MAIX    SHAFTS. 

DISCUSSION  OF  MR.  W.  C.  MOUNTAIN'S  PAPER  OX 
THE  "  COMMERCIAL  POSSIBILITIES  OF  ELECTRIC 
WINDING  FOR   MAIN   SHAFTS   AND   AUXILIARY 

WORK."* 

Mr.  Maurice  Deacon  said  that  he  was  not  going  to  criticize 
Mr.  Mountain's  paper,  because  he  agreed  with  it.  He  thought 
thai  fche  gratitude  of  the  members  was  due  to  Mr.  Mountain  for 
coming  forward  in  such  a  pure  engineering  spirit  and  telling 
them  not  to  use  electrical  winding  where  steam-power  could  be 
applied  direct,  although  such  advice  was  opposite  to  his  interests. 


Mr.  G.  J.  Bixxs  moved  a  vote  of  thanks  to  Mr.  W.  G.  Phi 'lips 
for  his  services  in  the  chair. 


*   Trans.  Inst.  M.  E.,  1906,  vol.  xxxi.,  page  329. 
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MIDLAND  INSTITUTE  OF   MIXING,   CIVIL  AND 
MECHANICAL  ENGINEERS. 


EXCURSION  MEETING, 

Held  at  Messrs.  Pope  &  Pearson's  West  Riding  Collieries,  Altofts, 

March  23rd,  1907. 


The  members  visited  the  West  Riding  collieries  at  the  invi- 
tation of  Messrs.  Pope  &  Pearson,  Limited,  and  Mr.  \Y.  E. 
Garforth,  to  witness  a  demonstration  of  rescue-work  in  the 
experimental  gallery  at  Altofts  collieries. 


EXPERIMENTAL  GALLERY  AT  ALTOFTS  COLLIERIES. 

Since  the  description  of  the  experimental  gallery  at  Altofts 
collieries  for  testing  life-saving  apparatus  was  described  in  1901* 
considerable  alterations  have  been  made.  A  short  description 
of  the  gallery  as  it  now  exists  may,  therefore,  be  of  interest  to 
those  who  may  contemplate  the  erection  of  a  rescue-station. 

The  external  framework  of  the  gallery  is  the  same  as  origin- 
ally designed  by  Mr.  W.  E.  Garforth  in  1901 ;  but  the  internal 
parts  have  been  altered  from  time  to  time,  and  further  obstacles 
added  for  the  purpose  of  increasing  the  difficulties  of  exploration- 
work  and  of  obtaining  additional  efficiency  from  the  men  wearing 
life-saving  apparatus. 

The  gallery,  as  now  arranged,  is  100  feet  long,  with  a  capacity 
of  5,000  cubic  feet  (fig.  1,  plate  viii.) ;  and  it  is  divided  into  two 
parts.  The  first  section,  AB,  -30  feet  long,  G  feet  wide  and  7h  feet 
high,  is  used  as  a  training-ground;  it  is  termed  the  "nursery,'' 
and  no  obstructions  are  placed  in  it.  The  second  section,  BCD, 
70  feet  long,  forms  the  actual  testing-ground,  and  is  made  to 
resemble,  as  far  as  possible,  the  damaged  roadways  of  a  mine  after 
an  explosion  (fig.  2,  plate  viii.).       The  obstacles  placed  in  this 

*   "  Experimental  Gallery  for  testing  Life-saving  Apparatus,"  by  Mr.  W.  E. 
Garforth,  Trails.  Inst.  M.  E.,  1901,  vol.  xxii.,  page  169. 
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road  consist  of  overturned  tubs,  rocks  and  stones,  with,  broken 
timber  placed  irregularly,  confined  spaces,  etc.  The  general 
arrangement  of  this  section  consists  of  a  clear  space,  D,  represent- 
ing the  downcast  shaft,  and  from  this  an  upper  roadway  extends 
to  the  nursery-section  over  the  debris  and  other  obstacles  (fig.  3, 
plate  yiii.).  For  the  sake  of  reporting  the  work  done  by  explorers, 
the  various  parts  of  this  roadway  have  been  given  distinctive 
names,  namely,  west  road,  south  road  and  east  road.  The  longi- 
tudinal section  (fig.  4,  plate  viii.)  shows  the  various  obstructions, 
etc. 

At  E  (fig.  1,  plate  viii.),  a  lower  roadway,  formed  under  tim- 
ber-frames on  which  the  debris  rests,  communicates,  say,  from 
Ludgate  through  Kirkgate,  Holgate,  Briggate  and  Mousehole- 
gate  to  B,  where  the  two  roadways  emerge  into  the  nursery-sec- 
tion. Four  slits,  a,  b,  c  and  d  (figs.  1  and  2,  plate  viii.)  connect 
the  upper  and  lower  roadways  with  each  other  and  with  the  coal- 
faces, represented  by  Kirkgate  and  Briggate.  The  sections 
(figs.  5  and  6,  plate  viii.)  show  the  relative  positions  and  areas 
of  the  two  roadways. 

The  exterior  is  fitted  with  seven  exit-doors,  each  5f  feet 
high  and  2^  feet  wide,  together  with  twelve  inspection-win- 
dows. The  nursery,  AB,  has  two  exit-doors,  e  and  f,  and  three  in- 
spection-windows, 1,  m  and  n;  and  the  section,  BCD,  or  the  actual 
testing  ground,  five  exit-doors,  g,  h,  i,  j  and  h,  and  nine  inspection- 
windows,  o,  p,  q,  r,  s,  t,  v,  v  and  w.  The  windows,  varying  from 
4  feet  by  3  feet  to  3  feet  by  1\  feet,  are  so  arranged  that  the  attend- 
ant is  able  to  watch  the  explorer  and  render  assistance  if  required. 

In  the  nursery-section,  an  appliance  is  placed  for  ascertain- 
ing the  weight  that  an  explorer  can  lift,  when  equipped  with  a  life- 
saving  apparatus.  It  consists  of  a  framework  and  pulley,  over 
which  is  passed  a  rope  attached  to  a  weight  of  56  pounds.  A 
stretcher  weighing  40  pounds,  with  a  dummy-man  weighing 
160  pounds,  is  also  used  for  exercise-purposes.  The  explorers 
carry  a  pneumatic  horn,  similar  to  that  carried  by  cyclists :  it 
is  frequently  sounded,  once  to  indicate  safety  and  twice  for 
danger. 

An  arrangement  for  conveying  a  man  from  the  mine  up  th? 
shaft  to  the  surface  has  also  been  provided.  It  consists  of  a 
cradle  formed  like  a  saddle,  the  occupier  being  placed  in  a  pair 
of  trousers,  as  in  the  rocket-apparatus  ;  and  it  is  so  arranged  that  a 
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man  can  be  upset  without  being  thrown  out  of  it.  If  a  man 
were  put  in  this  apparatus  at  a  depth  of  2,000  feet,  it  would  be 
safe  to  send  him  to  the  surface ;  and  men  could  descend  in  it 
wearing  the  life-saving  apparatus. 

An  underground  pipe  connects  the  two  ends,  A  and  D,  of 
the  gallery ;  and,  by  means  of  slides,  a  continuous  circulation  of 
gases  can  be  maintained,  when  it  is  required  to  make  the  atmos- 
phere very  deleterious  ;  or  fresh  air  can  be  admitted  to  dilute  the 
atmosphere  ;  or  the  fumes  can  be  entirely  replaced  by  pure  air : 
the  whole  arrangement  being  under  the  complete  control  of  the 
outside  attendant  (fig.  1,  plate  viii.). 

When  the  gallery  was  constructed,  an  iron  boiler,  30  feet 
long  and  7  feet  in  diameter,  was  attached  for  the  purpose  of 
holding  a  fire  fed  with  compressed  air.  This  fire  represented  a 
gob-fire,  and  afforded  a  means  of  testing  whether  the  apparatus 
would  stand  a  temperature  varying  from  140°  to  150°  Fahr. 

The  results  of  every  trial  and  any  remarks  connected  with 
the  same  are  recorded  by  the  attendant  in  a  book  at  the 
end  of  each  trial. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL     ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Institute  Rooms,  Sheffield.  Afril  9th,   1907. 


Mr.  J.  R.  R.  WILSON,  President,  in  the  Chaik. 


The  minutes  of  the  General  Meetings  held  on  February  20th 
and  March  9th.  1907,  were  read  and  confirmed. 


The  following  gentlemen,  having  been  duly  nominated,  were 
elected :  — 

Members — 
Mr.  William  James   Belk,   Colliery   Manager,  Thorncliffe   Collieries,  near 

Sheffield. 
Mr.  J.   Kenneth  Guthrif,  Mining    Engineer,  Crigglestone   Collieries,  near 

Leeds. 
Mr.  Frank  H.   Waterhouse,  Colliery    Manager,  Deuby   Grange   Collieries 

near  Wakefield. 


The  President  proposed  that  the  thanks  of  this  Institute 
be  given  to  Messrs.  Pope  &  Pearson,  Limited,  and  to  Mr. 
TV.  E.  Garforth,  for  their  kindness  in  receiving  and  entertaining 
the  members  of  this  Institute  on  March  23rd,  and  giving  a  demon- 
stration of  life-saving  apparatus  in  their  experimental  gallery. 

The  resolution  was  carried  unanimously. 


The  Secretary  read  the  "  Report  on  Rescue-work,"  etc.,  as 
follows  :  — 
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REPORT  OX  RESCUE-WORK  DONE  BY  MEN  WEARING 
RESCUE-APPARATUS     IN     THE     EXPERIMENTAL 
GALLERY   AT   MESSRS.    POPE   &   PEARSON'S    COL- 
LIERIES, ALTOFTS,  ON  MARCH  23rd,  1907. 
The  following  programme  had  been  arranged  to  be  carried 
out  before  the  members   of  the   Midland  Institute   of   Mining, 
Civil  and  Mechanical  Engineers  by  two  teams  :    one  consisting 
of  four  men  from  Messrs.  Pope  &  Pearson,  Limited's  collieries, 
wearing  the  Weg  apparatus  :    the  other  of  four  men  equipped 
with  the  Draeger  apparatus  from  the  Tankersley  rescue-station, 
belonging   to   the    Barrow    Hematite    Steel    Company,    Limited, 
Messrs.  Newton,   Chambers  &   Company,   Limited,   the   Strafford 
Collieries    Company,    Limited,    and    the    Wharncliffe    Silkstone 
Colliery  Company,  Limited  :  — 

(1)  Four  men  to  enter  the  gallery,  walk  100  yards,  and  creep  on  hands  and 
knees,  50  yards. 

(2)  The  same  four  men  to  pick  up  a  stretcher,  weighing  40  pounds,  carry  it 
through  narrow  roadways,  over  falls,  at  the  same  time  removing  stones,  varying 
from  40  pounds  to  80  pounds  in  weight ;  then  crawl  through  an  air-pipe,  2  feet  in 
diameter  and  6  feet  long.  Pick  up  dummy  man,  160  pounds  in  weight,  place  him 
on  the  stretcher,  and  carry  the  loaded  stretcher  back  to  the  entrance  of  the  gallery. 

(3)  Two  of  the  rescue-team  to  return  to  the  farthest  point  of  the  gallery, 
carrying  fire-extincteurs,  and  discharge  the  contents  of  the  same  on  the  windows, 
in  imitation  of  extinguishing  a  supposed  underground  fire.  When  this  work  is 
comple'  ed,  they  will  occupy  the  rest  of  the  time  in  fixing  brattice-cloth,  setting 
props  and  bars,  and  other  work  useful  for  exploration. 

(4)  The  remaining  two  men  of  the  team  will  repeatedly  lift  a  weight  of  56 
pounds  to  a  height  of  6  feet. 

The  Council  of  the  Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers  arrived  at  the  colliery  about  10*30  a.m.  ; 
and  a  committee  was  formed,  consisting  of  the  following 
members: — Prof.  G.  R.  Thompson,  Messrs.  W.  Walker,  1.  R.  R. 
Wilson,  H.  B.  Nash,  -1.  E.  Chambers,  I.  J.  Eley  and  J.  Gill,  who 
supervised  the  work  done  by  the  two  teams  wearing  respectively 
the  Weg  and  the  Draeger  apparatus.  It  was  agreed  that  a  coin 
should  be  tossed,  to  show  which  team  should  enter  the  gallery 
first ;  and  the  choice  indicated  the  Weg  apparatus. 
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I. — The  following-  is  a  detailed  record  of  the  work  done  by 
the  team  of  four  men  wearing  the  Weg  apparatus:  — 

12*17  p.m.     Entered  the  gallery. 

12 "20  p.m.     Walking  80  yards. 

12-23  p.m.     Creeping  80  yards. 

12  27  p.m.  Went  over  the  falls,  clearing  a  way  for  the  stretcher,  and  brought 
out  the  dummy  man  at  12"46  p.m. 

12*49  p.m.  Nos.  1  and  4  men  went  over  the  falls  with  lire  -  extincteurs, 
through  the  air-pipe,  discharged  one  fire-extincteur,  and  returned  over  the  falls 
carrying  fire-extincteurs  to  the  nursery  or  entrance  of  the  gallery. 

1253  p.m.     Nos.  2  and  3  men  commenced  pulling  the  weight. 

1*0  p.m.  Nos.  I  and  4  men  went  over  the  falls,  through  the  air-pipe,  with 
three  rolls  of  brattice-cloth,  a  hammer  and  nails.  They  fastened  up  the  brattice- 
cloth  in  a  form  representing  a  mid-feather,  to  improve  or  alter  the  ventilation, 
and  returned  over  the  falls  to  the  nursery  at  1*15  p.m. 

1*15  p.m.  Nos.  1  and  4  men  went  over  the  falls  carrying  two  fire-extincteurs, 
through  the  air-pipe,  and  returned  over  the  falls  to  the  nursery. 

1*25  p.m.  Nos.  1  and  4  men  travelled  under  the  falls,  and  returned  over  the 
falls  to  the  nursery. 

l'4l  p.m.  No.  1  man  walked  96  yards,  and  came  out  of  the  gallery  owing  to 
a  break-down  in  the  apparatus  ;  and,  the  defect  being  adjusted,  he  re-entered  the 
gallery  at  1*55  p.m. 

1*45  p.m.  No.  4  man  travelled  over  the  falls  and  under  the  falls,  back  to  the 
nursery,  with  a  nre-extincteur. 

1*58  p.m.  No.  1  man  travelled  over  the  falls,  through  the  air-pipe,  and 
under  the  falls,  back  to  the  nursery. 

2-5  p.m.  Nos.  1  and  4  men  travelled  over  the  falls  with  fire-extincteurs, 
through  the  air-pipe,  and  returned  through  the  air-pipe,  and  over  the  falls  to  the 
nursery. 

2-27  p.m.     No.  1  man  travelled  over  the  falls  with  a  nre-extincteur,  and  back. 

During  this  time,  No.  2  man  had  lifted  the  weight  337  times  and  No.  3  man 
had  lifted  it  251  times,  or  a  total  of  588  times,  equal  to  197,568  foot-pounds 
of  work. 

After  the  team  had  been  in  the  gallery  for  2  horns  and  15  minutes,  they  were 
requested  to  come  out,  as  this  time  had  been  agreed  upon  by  the  Committee  as  the 
limit  of  the  trial.  The  men  had  understood  that  they  were  to  stay  in  as  long  as 
they  possibly  could,  and  were  surprised  at  the  request ;  and  the  leader  wrote  a 
note  saying  that  No.  3  man  could  stop  in  about  20  minutes,  No.  2  man  about  15 
minutes,  and  No.  1  man  about  10  minutes,  and  that  No.  4  man  had  nearly 
exhausted  his  supply  of  oxygen.     After  this,  each  man  walked  336  yards. 

2-42  p.m.  No.  4  man  came  out  of  the  gallery,  having  finished  his  supply  of 
oxygen,  and  he  had  been  2  hours  and  25  minutes  in  the  gallery. 

2*45  p.m.     No.  1  man  came  out  of  the  gallery,  oxygen  finished. 
2-46  p.m.     Nos.  2  and  3  men  were  told  to  come  out  of  the  gallery.     Their 
oxygen -supply  was  not  finished  ;  No.  3  man  had  a  pressure  of  40  atmospheres  left 
in  one  cylinder.     Their  time  in  the  gallery  was  2  hours  and  29  minutes. 

II. — Men  wearing  the  Draeger  apparatus  entered  the  gallery 
at  3-5  p.m.  Xos.  1  and  2  men  were  wearing  the  new  Draeger 
mouthpiece,  and  ]STos.  3  and  4  men  the  Draeger  helmet. 
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3*5  p.m.     Walking  96  yards. 

Creeping  96  yards. 

Went  over  the  falls,  clearing  a  way  for  the  stretcher,  and  brought  out  the 
dummy  man  at  3*32  p.m. 

3-34  p.m.  Nos.  1  and  2  men  went  over  the  falls  and  through  the  air-pipe, 
and  returned  over  the  falls  to  the  nursery  ;  but  only  one  man  went  through  the 
air- pipe. 

4'0  p.m.  Nos.  1  and  2  men  went  over  the  falls  with  brattice-cloth  ;  No.  1 
man  came  back  over  the  falls  for  the  hammer,  fastened  up  the  brattice-cloth 
similarly  to  No.  I.  team,  and  returned  at  4  "20  p.m.  to  the  nursery. 

4*25  p.m.  Nos.  1  and  2  men  went  over  the  falls,  and  back  to  the  nursery  at 
4-34  p.m. 

4-39  p.m.  No.  1  man  went  over  the  falls  to  the  sixth  door,  j,  and  No.  2  man 
as  far  as  the  fourth  door,  A,  and  returned  to  the  nursery  (rig.  1,  plate  viii. ). 

4*44  p.m.  No.  2  man  came  out,  having  been  in  the  gallery  1  hour  and  39 
minutes. 

During  this  time,  Nos.  3  and  4  men  had  lifted  the  weight  762  times,  equal  to 
256,032  foot-pounds  of  work. 

5"6  p.m.  No.  3  man  came  out,  oxygen  finished,  having  been  in  the  gallery  2 
hours  and  1  minute. 

5*22  p.m.  Nos.  1  and  4  men  were  told  to  come  out  of  the  gallery.  They  had 
been  in  for  2  hours  and  17  minutes,  and  they  still  had  enough  oxygen  to  last 
for  a  few  minutes  longer. 

III. — The  following  is  a  summary  of  the  work  done  in  a 
noxious  atmosphere,  by  the  men  equipped  with  the  following 
forms  of  apparatus  :  — 

Apparatus  used : 

Occupation  of  Men.  Weg.  Draeger. 

Walking            1.760  yards.  384  yards.* 

Creeping            320      ,,  384     ,, 

Travelling  over  falls  ...         ...         ...                     ...  600      ,,  570     ,, 

Creeping  through  contracted  passages                    ..  80      .,  — 

Creeping  through  air-pipe 23  times.  14  times. 

Carrying  fire-extincteurs       ...         ...                     ...  8      ,,  2       ,, 

Fixed  brattice  to  alter  ventilation             ...          . .  Once.  Once. 

Lifting  56  pounds  weight  to  a  height  of  6  feet     ...  588  times.  762  times. 

Foot-pounds  of  work 197,568.  256,032. 


Mr.   M.   H.   Habershox  read   the   following   paper  on    "  The 
Use  and  Care  of  Oxygen-breathing  Apparatus  ":  — 


*  Mr.   M.  H.  Haberslion  discusses  these  results,    Trmts.  Inst.    M.  E.,  1907, 
vol.  xxxiii.,  page  233. 
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THE    USE    AND    CAKE    OF    OXYGEN-BREATHING 
APPARATUS. 


By  M.  H.  HABERSHON. 


In  view  of  the  probability  that,  in  the  near  future,  stations 
will  be  established  in  various  places  for  the  purpose  of  training 
men  in  the  use  of  oxygen-breathing  apparatus,  and  at  which 
such  apparatus  may  be  kept  in  readiness  for  any  emergency, 
it  is  thought  that  the  following  notes  of  the  experience  which 
has  been  gained  during  the  last  few  years  at  the  Tankersley 
rescue-station  may  be  of  interest  to  the  members.  It  is  not 
intended  to  describe  the  various  types  of  apparatus,  as  this  has 
been  done  so  recently  by  Mr.  G.  A.  Meyer,*  Mr.  W.  E.  Garfortht 
and  Mr.  R.  Cremer.+ 

The  subject  of  rescue-appliances  has  been  more  or  less  before 
this  and  other  mining  institutes  for  some  time  ;  but  the  dispatch 
of  the  Westphalian  rescue-party  to  Courrieres  collieries,  and  the 
rescues  effected  at  the  recent  Reden  disaster^  have  brought  the 
matter  into  greater  prominence.  It  may  therefore  be  assumed 
that  members  are  familiar  with  the  arguments  or  considerations 
which  point  to  the  necessity  of  appliances  being  kept  and  main- 
tained in  readiness  for  use  when  suddenly  required,  and  the  equal 
necessity  of  men  being  trained  to  use  them.H 
-  For  the  present  purpose  it  is  only  needful  to  state  that  the 
essential  conditions  which  must  be  satisfied  are  the  following  :  — 

*  "  Rescue-apparatus  and  the  Experiences  gained  therewith  at  the 
Courrieres  Collieries  by  the  German  Rescue-party,"  by  Mr.  G.  A.  Meyer,  Trans. 
Inst.  M.  E.,  1906,  vol.  xxxi.,  page  575. 

+  "  A  New  Apparatus  for  Rescue-work  in  Mines,"  by  Mr.  W.  E.  Garforth, 
Trans.  Ins/.  M.  E.,  1906,  vol.  xxxi.,  page  625. 

X  "The  Pneumatogen  :  the  Self-generating  Rescue-apparatus,  compared 
with  Other  Types,"  by  Mr.  R.  Cremer,  Trans.  Inst.  M.  E.,  1906,  vol.  xxxii., 
page  51. 

§  -'Rescue-apparatus  in  Mines,"  by  Mr.  Richard  Jacobson,  The  Colliery 
Guardian,  1907,  vol.  xciii.,  page  317. 

j|  "A  Joint  Colliery  Rescue-station,"  bv  Mr.  M.  H.  Habershon,  'trans, 
Inst.  M.  E.,  1901,  vol.  xxi.,  page  100. 
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(a)  The  apparatus  must  be  conveniently  at  hand,  (b)  The  appar- 
atus must  be  in  perfect  working  order,  (c)  The  men  must  be 
thoroughly  conversant  with  the  handling  of  the  apparatus,  and 
not  merely  accustomed  to  wearing  it.  (<J)  The  instructor  or  man 
in  charge  of  the  apparatus  must  be  thoroughly  trained,  not  only 
in  wearing  and  handling  the  apparatus,  but  also  in  cleaning  it 
and  testing  the  various  parts  for  imperfections  and  leakages.  No 
ordinary  caretaker,  without  special  training  in  tire  construction 
and  principles  of  oxygen-breathing  apparatus,  is  capable  of 
occupying  this  position.  The  instructor  employed  at  the 
Tankersley  rescue-station  had,  through  the  kindness  of  Mr.  G.  A. 
Meyer,  the  opportunity  of  going  through  a  course  of  instruction 
at  the  Shamrock  colliery,  and  made  himself  thoroughly  acquainted 
with  every  detail  of  the  apparatus  in  use  there  at  that  time,  and 
also  of  the  organized  work  which  is  systematically  carried  on  in 
connection  with  the  Hibernia   collieries. 

In  order  to  estimate  properly  the  importance  of  the  various 
points  to  which  the  writer  proposes  to  call  attention,  the  follow- 
ing preliminary  considerations  must  be  stated.  The  three 
chief  desiderata  in  oxygen-breathing  apparatus  are  as  follows  :  — 
(1)  Complete  absorption  of  the  carbon  dioxide.  (2)  Sufficient 
provision  of  air  for  the  lungs  to  allow  of  the  performance  of  hard 
work  by  the  wearer.       (3)  Simplicity  of  construction. 

As  in  ordinary  breathing  the  lungs  consume  oxygen  and 
produce  carbon  dioxide,  an  artificial  breathing-apparatus  must 
produce  oxygen  and  absorb  the  carbon  dioxide,  and  the  various 
types  of  apparatus  all  have  this  end  in  view.  Brrt  it  is  important 
to  notice  that  the  lungs  have  a  large  surface  for  supplying  the 
necessary  amount  of  oxygen  to  the  blood,  and  the  apparatus, 
being  a  counterpart  to  the  lungs,  shoitld  have  a  large  surface  for 
absorbing  the  carbon  dioxide.  As,  in  natural  breathing,  oxygen 
is  conveyed  to  the  lungs  by  the  aid  of  the  respiratory  movements 
of  the  muscles  of  the  chest,  the  artificial  apparatus  must  possess 
some  motive  power  to  bring  about  a  similar  action.  This  is 
supplied  by  means  of  the  injector  in  the  Shamrock,  Giersberg 
helmet  and  Draeger  apparatus.  The  compressed  oxygen,  passing 
through  the  injector,  establishes  a  suction  which  forcibly  draws 
the  exhaled  air  through  the  regenerator  and  round  to  the  injector, 
where  it  merges  with  the  fresh  oxygen  and  is  then  carried  forward 
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for  inhalation.  The  injector  thus  establishes  a  continuous  circu- 
lation of  the  air  in  the  apparatus. 

The  necessary  supply  of  oxygen  must  not  be  taken  as  the  bare 
amount  actually  required  for  the  lungs  alone;  but  a  surplus 
should  be  provided  in  order  to  allow  for  leakages,  so  as  to  ensure 
that  the  quantity  available  shall  always  be  sufficient  for  the 
possible  requirements  of  the  wearer.  It  has  been  ascertained 
that  a  continuous  supply  of  122  cubic  inches  (2  litres)  per  minute, 
is  sufficient  not  only  to  meet  the  requirements  of  heavy  work, 
but  also  to  ensure  that  the  immediate  needs  of  the  wearer  shall 
be  constantly  supplied. 

The  amount  of  carbon  dioxide  produced  in  the  lungs  has 
generally  been  underestimated.  A  man  doing  heavy  work  will 
exhale  rather  more  than  0,100  cubic  inches  (100  litres)  of  carbon 
dioxide  in  2  hours.  For  information  on  this  point  members  are 
referred  to  the  paper  by  Dr.  J.  S.  Haldane  and  Mr.  T.  Lorraine 
Smith,  on  "  The  Physiological  Effects  of  Air  vitiated  by  Respira- 
tion,"* from  which  the  following  conclusions  have  been 
drawn: — Respiration  becomes  difficult  when  the  percentage  of 
carbon  dioxide  in  air  exceeds  4,  with  10  per  cent,  the  possible 
limit  is  reached.  Breathing  air  containing  4  to  10  per  cent,  of 
carbon  dioxide  brings  on  pains  and  throbbing  in  the  head, 
accompanied  by  vomiting.  No  ordinary  excess  of  oxygen  will 
remove  the  consequences  of  breathing  this  high  percentage  of 
carbon  dioxide.  With  an  insufficient  supply  of  oxygen,  difficulty 
in  breathing  first  becomes  noticeable  when  the  percentage  is 
reduced  to  about  12,  and  with  6  per  cent,  the  difficulty  is 
excessive.  It  has  been  assumed  that  a  volume  of  3,050  to  3,660 
cubic  inches  (50  to  60  litres)  of  air  at  disposal  during  heavy 
work  would  be  sufficient :  but,  when  a  man  is  breathing  heavily 
after  a  period  of  unusual  exertion,  during  a  few  seconds  the 
amount  of  air  required  by  him  is  considerably  increased,  and  it 
is  probable  that  6,100  cubic  inches  (100  litres)  may  be  utilized. 

The  above  figures  give  some  idea  of  the  requirements  that 
have  to  be  met  by  an  oxygen-breathing  apparatus,  if  it  is  to  be 
reliable  under  all  the  conditions  in  which  it  is  likely  to  be 
placed.  A  rescue-apparatus,  therefore,  should  be  capable  of 
complying  with  (ho  above-mentioned  conditions,  in  addition  to 
having  the  simplicity  of  construction  which  has   been  referred 

*   The  Journal  of  Pathology  and  Bacteriology,  1892,  vol.  i.,  page  168. 
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to  as  one  of  the  chief  desiderata ;  and  it  may  be  considered  satis- 
factory or  not  in  proportion  to  its  behaviour  when  judged  accord- 
ingly. Other  matters,  such  as  facility  for  cleaning  and  dura- 
bility, are  important,  as  they  effect  the  second  essential  condition 
above  stated,  also  the  necessary  consideration  of  cost  of  main- 
tenance ;  but  they  should  not  be  allowed  to  interfere  too  much  in 
selecting  a  type  of  apparatus.  There  are,  however,  several 
details  which  have  an  influence  both  on  the  question  of  satisfying 
the  essential  requirements  and  on  the  possibility  of  keeping 
the  apparatus  in  proper  working  order,  and  it  is  chiefly  to  these 
details  that  the  following  notes  refer. 

The  first  apparatus  used  at  the  Tankersley  rescue-station  was 
of  the  Giersberg  1901  type  with  two  cylinders :  it  was  exhibited 
to  the  members  of  the  Institution  by  Mr.  G.  A.  Meyer  on  the 
occasion  of  their  visit  to  the  Diisseldorf  exhibition  and  the 
"Westphalian  coal-field.  Subsequently  a  three-cylinder  appar- 
atus, of  the  Giersberg-Shamrock  type,  embodying  several  im- 
portant improvements,  which  Mr.  Meyer  had  introduced,  was 
obtained ;  and,  at  a  later  period,  the  Giersberg-Shamrock  1906 
type,  with  two  cylinders  and  additional  improvements,  as  used  by 
Mr.  Meyer  at  the  Courrieres  collieries.  On  the  strong  recom- 
mendation of  the  makers,  the  Giersberg  helmet-apparatus  was 
also  procured.  And,  more  recently,  the  Draeger  apparatus, 
arranged  for  either  mouth-breathing  or  use  with  a  helmet,  had 
been  used,  in  consequence  of  the  powerful  regenerators  with 
which  this  apparatus  is  supplied.  Attention  had  been  directed 
by  Mr.  G.  B.  Walker  to  this  apparatus  in  1904*  The  pneu- 
matogen  had  also  been  tried. 

The  writer  was  fully  aware  of  the  decided  preference  expressed 
by  Mr.  G.  A.  Meyer  at  the  London  meeting  in  1906,  for  appar- 
atus of  the  mouth-breathing  type,  but  he  had  found  that  men 
wearing  a  helmet  or  face-mask  of  the  latest  construction,  with 
separate  tubes  for  inhaling  and  exhaling  and  powerful  regenera- 
tors of  the  Draeger  type,  were  able  to  perform  really  hard  work, 
and  to  crawl  through  a  length  of  air-pipe,  2  feet  in  diameter, 
without  any  distress  whatever ;  and  that  at  the  end  of  2  hours 
the  apparatus  would  still  deliver  air  to  the  wearer  free  from 

*  GUicJcauf,  1904,  vol.  xl.,  page  1331;  and  Trans.  Inst.  M.  K,   1904,  vol. 
xxviii.,  page  263. 
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carbon  dioxide,  without  any  liability  to  headache  as  formerly. 
This  apparatus  is  also  arranged  for  mouth-breathing ; 
but  it  has  been  found  that  a  greater  amount  of  training  is 
necessary  for  mouth-breathing,  and  that  many  men  seem  to  have 
a  reluctance  to  having  their  nostrils  closed  in  a  sufficiently 
secure  -manner  to  ensure  satisfactory  results  with  the  mouth- 
breathing  arrangement,  and  have  a  preference  for  the  helmet. 
The  writer  thinks  that  in  this  country,  where  the  work  is  done 
by  the  men  voluntarily,  the  question  of  helmet  or  mouth-breath- 
ing may,  for  the  present,  be  considered  as  a  detail  which  will  be 
more  easily  decided  after  greater  experience,  and  that  men  should 
be  trained  in  the  use  of  both  types,  as  there  are  distinct  advan- 
tages appertaining  to  each.  The  opinion  of  Mr.  G.  A.  Meyer 
on  this  point  deserves  our  greatest  respect  and  consideration ; 
but  improvements  are  developing  constantly,  and  the  writer  has 
seen  hard  work  done  with  a  helmet-apparatus  under  most  trying 
conditions,  work  which  could  not  have  been  beaten  or  so  easily 
done  with  the  mouth-breathing  apparatus.  He  thinks  that,, 
probably  as  recently  as  a  year  ago,  this  would  not  have  been 
possible. 

The  improvements  effected,  which  the  writer  considers  to  be 
of  decided  merit,  include  an  apparatus  that  can  be  fitted 
up  for  either  mouth-breathing  or  helmet;  the  complete  absorp- 
tion of  all  moisture  ;  no  liability  of  any  liquid  alkali  getting  into 
the  breathing-tubes ;  air  delivered  free  from  carbon  dioxide  after 
2  hours'  work ;  time  required  for  recharging  reduced  to  about  8 
minutes ;  no  assistance  required :  and  the  wearer  can  be 
trained  to  ascertain  for  himself  the  amount  of  oxygen  still  at 
his  disposal,  and  so  to  time  himself.  In  case  of  apparatus  used 
for  a  short  time  only,  the  remaining  alkali  is  not  wasted. 

In  the  use  and  care  of  the  various  appliances,  the  following 
are  the  points  which  the  writer  wishes  to  bring  under  the  notice 
of  the  members. 

In  cleaning  the  Giersberg  apparatus  of  the  Shamrock  type, 
after  use,  attention  should  first  be  given  to  the  breathing-bag. 
The  mouth-piece  with  the  attached  metal  tubing-  and  also  the 
escape-valve  must  be  removed,  then  the  regenerator  should  be 
taken  out  of  the  inner  part  of  the  breathing-bag.  All  alkali 
(caustic  potash)  and  kieselguhr  must  then  be  removed,  and  the 
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holders  of  the  same  washed.  The  breathing-bag  must  be  washed 
perfectly  clean,  all  sediment  being  removed,  and  a  mild  disinfect- 
ant should  be  used  with  the  water.  The  bag  should  then  be 
allowed  to  dry  naturally :  no  forced  method  of  drying  should  be 
adopted.  When  dry.  the  passages  of  the  breathing-tube,  suction 
and  escape-valve  tubes  must  be  ascertained  to  be  perfectly  clean. 
The  suction  and  escape  tubes  should  then  be  laid  on  the  top  of  the 
inner  bag,  as  neglect  of  this  might  result  in  the  buckling  of  these 
tubes  during  subsequent  handling,  and  give  rise  to  a  stoppage  in 
the  working  of  the  apparatus.  The  regenerator  must  then  be 
refilled  with  alkali,  and  the  lower  portion  with  kieselguhr.  The 
inner  bag  must  be  examined,  in  order  to  see  that  the  holes  in  the 
bottom  are  perfectly  clear.  The  regenerator  should  then  be  re- 
placed, the  clamps  securely  fastened,  the  escape-valve  and  tubes 
attached,  and  the  mouth-piece  should  be  plugged.  The  appar- 
atus, being  then  ready  for  use,  should  be  hung  up.  This  complete 
operation  requires  at  least  \  day  on  account  of  the  time  required 
for  the  drying  of  the  breathing-bag. 

In  the  Giersberg  helmet-apparatus,  the  mica  valves  for 
inspiration  and  expiration  should  be  carefully  inspected  both 
before  and  after  use,  as  upon  these  depends,  in  a  great  measure, 
the  proper  working  of  the  apparatus.  The  niica  discs  and  cups 
must  be  perfectly  dry,  as  any  quantity  of  moisture  may  cause 
these  valves  to  stick.  Sufficient  room  must  be  allowed  in  these 
cups  for  the  valves  to  move  freely,  particularly  in  the  case  of  the 
expiration-valve  :  the  regulation  of  this  is  easily  effected  by  the 
two  screw-caps  above  and  below  the  mica  discs,  but  care  must  be 
taken  not  to  screw  these  caps  too  tightly.  Before  use,  the  con- 
dition of  these  valves  should  be  tested  by  placing  the  helmet  on 
the  head  securely  and  drawing  several  breaths  in  quick  succes- 
sion, at  the  same  time  listening  for  the  click  of  these  valves, 
which  should  accompany  each  inspiration  and  expiration.  The 
escape-valve  should  be  examined,  to  see  that  it  will  blow  off  upon 
a  slight  compression  of  the  expiration-bag.  The  pneumatic 
lining  of  the  helmet  and  its  valve  should  be  carefully  examined 
on  each  occasion  for  possible  leakages,  and  any  defect  immedi- 
ately attended  to.  The  breathing-bags  should  be  washed  and 
disinfected  occasionally,  and  allowed  to  dry  before  they  are  again 
used.  The  regenerator  should  be  washed  out  after  use,  great 
care  being  taken  to   see  that   the  passages  connecting  the  two 
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chambers  are  perfectly  clear  and  free  from  any  sediment.  The 
flexible  tubing  should  not  be  handled  in  too  reckless  a  manner, 
else  injury  of  a  permanent  character  may  be  caused  ;  and  these 
tubes,  being  of  special  construction,  are  not  easily  replaced. 

In  the  Draeger  helmet-apparatus,  owing  to  the  different 
arrangement  of  the  valves  in  the  helmet,  the  same  amount  of 
attention  to  the  valves  is  not  so  necessary.  In  the  writer's  experi- 
ence of  this  apparatus,  the  valves  have  never  been  known  to 
stick,  indeed  any  sticking  of  the  valves  in  this  apparatus  seems 
improbable,  if  not  impossible  ;  but  the  writer  thinks  that  some 
provision  should  be  made  by  the  makers,  so  that  these  valves  can 
be  replaced  in  the  event  of  the  mica  plates  or  discs  becoming 
defective.  As  at  present  constructed,  they  cannot  be  easily  got  at. 
The  pneumatic  lining  of  the  helmet  and  its  valve,  as  also  the 
breathing-bag,  should  have  the  same  attention  as  in  the  case  of 
the  Giersberg  apparatus. 

In  the  pneumatogen,  in  which  oxygen  is  generated  by  passing 
the  expired  air  through  cartridges  containing  layers  of  potassium- 
sodium  peroxide,  by  which  also  the  carbon  dioxide  is  taken  up, 
there  are  no  valves  and  no  oxygen-cylinders,  a  small  quantity  of 
oxygen  only  being  required  to  start  the  chemical  action.  Conse- 
quently the  apparatus  is  extremely  simple,  and  the  amount  of 
attention  required  is  reduced  to  a  minimum. 

After  the  pneumatogen  has  been  used,  the  exhausted  cart- 
ridges are  removed,  the  upper  and  lower  transverse  tubes  should 
be  cleaned  out,  and  any  particles  of  carbonate  found  adhering 
thereto  must  be  removed.  After  recharging  with  fresh  cart- 
ridges, any  screws  which  have  been  loosened  for  cleaning  pur- 
poses must  be  firmly  screwed  down.  The  cartridges  must  be 
placed  in  their  proper  positioj  and  the  handle  of  the  upper 
transverse  tube  pushed  down  into  its  right  place.  The  breathing- 
bag  should  be  washed  and  disinfected  occasionally.  The  tight- 
ness of  the  apparatus  may  be  tested  by  closing  the  mouth  of  the 
lower  transverse  tube  with  the  hand  and  at  the  same  time  blowing 
into  the  mouth-piece. 

The  circulating  system  of  all  apparatus  should  frequently  be 
tested  for  leakages  by  blowing  into  the  breathing-tube :  the 
valves  of  the  oxygen-cylinders  being  closed,  thus  throwing  the 
apparatus  out  of  action,  and  using  the  thumb  to  close  the  open 
end  of  the  tubing,  which  may  have  been  disconnected  for  the 
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purpose  of  testing.  "When  in  action,  a  solution  of  soap  and 
water  applied  to  the  joints  with  a  brush  or  sponge  will  reveal 
any  leakage  by  the  appearance  of  a  small  bubble.  The  valves 
of  the  oxygen-cylinders  may  also  be  tested  for  any  suspected 
leakage  of  oxygen  by  submerging  the  cylinders  in  water.  An- 
other method  of  testing  for  oxygen-leakages  is  by  the  red-hot 
embers  of  a  match. 

Care  must  be  taken  to  prevent  any  greasy  substance  coming 
in  contact  with  any  cylinder  or  fitting  used  for  the  storage  or 
control  of  oxygen.  For  instance,  the  valves  of  oxygen-cylin- 
ders must  not  be  oiled,  no  lubricant  whatever  that  is  of  a  greasy 
character  must  be  used.  Globe  polishing-paste  must  not  be  used 
for  the  brass  fittings  or  any  part  of  the  apparatus. 

No  part  of  an  apparatus  requires  more  attention  from  the 
man  in  charge  than  the  injector,  which,  as  explained  above, 
supplies  the  motive  power  and  maintains  the  circulation  of  the 
gases  in  the  apparatus.  This  should  at  all  times  be  kept  under 
careful  observation.  The  efficiency  of  the  injector  is  liable  to  be 
affected  by  oxidation  arising  from  the  chemicals  used  for  the 
absorption  of  the  carbon  dioxide,  and  also  by  obstruction,  which 
may  result  from  various  causes.  Any  small  particles  of  matter 
are  sufficient  to  cause  a  partial  blockage,  and  interfere  with  the 
proper  working  of  the  injector. 

When  the  cylinders  of  the  apparatus  are  charged  with  oxygen 
from  a  large  storage  cylinder,  and  an  hydraulic  pump  is  used  in 
order  to  obtain  the  necessary  high  pressure  of  120  atmospheres, 
the  oxygen  being  removed  from  the  storage  cylinder  by  displace- 
ment with  water,  a  grave  danger  is  likely  to  arise  which  must  be 
guarded  against.  The  oft-repeated  operation,  in  time,  produces 
an  accumulation  of  rust,  and  there  is  the  possibility  of  small 
particles  of  rust  being  conveyed  into  the  cylinder  of  the  appar- 
atus, whence  they  are  only  prevented  from  entering  the 
injector  by  a  thin  gauze.  If  this  gauze  should  be  pene- 
trated, a  partial  or  complete  blockage  of  the  injector  may 
be  produced.  If  the  rust  does  not  reach  the  injector  it  will  prob- 
ably accumulate  in  the  reducing  valve,  but  the  result  will  be 
the  same — the  apparatus  will  not  work  properly.  Another  and 
more  subtle  liability  to  danger  exists  with  the  method  of  charging 
the  cylinders.  "Water  may  pass  into  the  small  cylinders  during 
the  act  of  charging.     This  is  unknown  to  the  operator,  and  its 
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presence  may  not  be  revealed  or  suspected.  An  apparatus  may 
thus  work  perfectly  for  some  considerable  time,  but  after  a  while 
a  bubbling  sound  will  be  heard  and  the  injector  will  act 
spasmodically.  Ultimately,  an  abrupt  and  premature  stoppage 
of  the  action  of  the  apparatus  may  result.  If  the  wearer  at  this 
moment  happened  to  be  in  an  irrespirable  atmosphere,  he  would 
require -the  assistance  of  his  comrades,  or  the  apparatus  might 
be  only  a  death-trap. 

The  operation  of  charging  small  cylinders  from  a  large 
storage  cylinder  by  means  of  an  hydraulic  pump  worked  by  hand 
is  very  laborious,  the  time  required  is  considerable,  and  there 
are  newer  and  improved  methods  of  charging  oxygen-cylinders 
which  should  be  adopted  in  preference,  and  with  which  the  above- 
named  liability  of  water  passing  into  the  cylinders  is  avoided. 

In  the  event  of  an  injector  becoming  faulty  from  oxidation 
or  deposit,  no  hard  or  sharp  tool  should  be  used  to  clear  the 
offending  matter,  as  damage  to  the  injector  may  be  easily  caused 
in  this  way,  but  the  injector  should  be  soaked  and  more  gentle 
means  tried.  Injectors  should  be  under  such  close  supervision 
that  no  oxidation  should  ever  be  allowed  to  accumulate,  but 
the  defect  discovered  and  remedied  upon  the  first  indication  of 
any  fault  of  this  nature.  Owing  to  the  delicate  mechanism  of 
the  reducing  valve,  it  is  desirable  that  a  perfect  knowledge  of  its 
construction  shoaild  be  acquired  before  any  attempt  is  made  to 
remedy  any  defect  which  may  be  discovered. 

Injectors  and  regulating  valves  should  be  included  among 
the  necessary  spare  parts  which  should  be  kept  at  a  rescue- 
station. 

All  metal  tubing  on  the  apparatus  should  receive  close 
examination  from  time  to  time,  and  be  kept  perfectly  clear  from 
sediment. 

The  indiarubber  breathing-bags  and  tubes  should  be  kept 
moist  and  not  allowed  to  get  diy,  or  the  rubber  will  lose  its 
proper  character  and  the  bags  will  crack  and  become  leaky,  par- 
ticularly at  points  where  any  buckling  takes  place  when  they  are 
in  use.  The  usual  routine  of  washing  and  disinfecting  the  bags 
is  generally  sufficient  to  keep  them  in  good  condition,  provided 
that  they  are  used  in  rotation,  and  are  not  allowed  to  remain  idle 
for  too  long  a  period.  All  apparatus  in  any  station  should  be  used 
strictly  in  rotation,  and  in  an  equipment  consisting  of,  say,  20 
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sets,  five  sets  should  always  be  ready  for  immediate  use,  and 
before  tliey  are  used  for  practice  purposes  another  set  of  five 
must  be  prepared  to  replace  them.  This  being  strictly  attended 
to,  it  will  keep  an  equal  working  strain  on  each  set  of  apparatus, 
and  will  provide  for  any  emergency.  A  station  would  in  this 
way  be  ready  at  all  times  to  answer  and  keep  up  any  call  on  its 
resources,  every  apparatus  in  its  turn  would  come  under  the 
notice  of  the  man  in  charge,  and  there  would  be  ample  time  for 
the  work  to  be  done  carefully,  and  without  hurry. 

It  is  a  goo'd  plan  to  test  the  circulation  of  the  apparatus, 
from  time  to  time,  by  means  of  a  linen  bag  made  to  contain 
from  2,440  to  3,050  cubic  inches  (40  to  50  litres)  of  air,  and  this 
quantity  should  be  passed  into  the  bag  from  the  apparatus  in 
1  minute.  The  air  which  is  being  delivered  for  breathing 
should  also  be  tested  periodically  for  carbon  dioxide  when  the 
apparatus  is  in  use.  This  is  easily  done  by  means  of  a  special 
fitting  and  a  s^a-inge,  with  which  a  sample  can  be  taken  and 
injected  into  a  solution  of  lime-water,  when,  if  turbidity  is 
produced,  carbon  dioxide  is  present. 

In  training  men,  no  work  of  any  kind  beyond  gentle  exercise 
should  be  attempted  during  the  first  and  second  practices,  but 
the  time  should  be  devoted  to  instruction  in  the  principle  of  the 
apparatus  and  explanation  of  the  various  parts  and  the  circula- 
tion of  the  air.  The  men  should  be  shown  how  to  handle  the 
apparatus,  and  practised  in  the  operations  of  putting  it  on  and 
taking  it  off.  With  helmet-apparatus,  the  opening  and  shutting 
of  the  helmet-window  should  be  well  practised,  until  the  men  are 
thoroughly  at  home  in  so  doing.  The  accomplishment  of  any 
kind  of  work  must  be  approached  very  carefully  and  by  degrees, 
especially  with  the  mouth-breathing  apparatus,  with  which  more 
practice  is  usually  required  in  order  to  become  proficient.  Suit- 
able men  can,  however,  obtain  efficiency  with  this  apparatus  in 
a  few  weeks,  but  without  occasional  subsequent  practice  the 
efficiency  will  be  lost,  and  the  men  will  be  surprised  that  they 
are  not  able  to  wear  the  apparatus  and  do  work  as  easily  as  they 
anticipated.  With  the  Draeger  helmet-apparatus,  a  man  having 
become  thoroughly  trained  would  probably  be  able  to  use  it  after 
a  short  lapse  of  time  without  intermediate  practice. 
.   In  a  fully  equipped  station,  it  would  be  advisable  for  men  to 
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practise  in  sets  of  five,  so  as  to  get  accustomed  to  work  together 
under  a  leader.  In  addition  to  practices  at  a  station,  which 
should  involve  hard  work  in  a  noxious  atmosphere  so  as  to  give 
confidence  in  the  efficiency  of  the  apparatus,  it  is  desirable  that 
men  who  have  been  trained  and  are  efficient  should  occasionally 
have  an  opportunity  of  wearing  the  apparatus  underground,  for 
which  purpose  each  colliery  connected  with  a  station  should 
organize  a  pit-practice,  say,  once  every  three  months. 


The  President  (Mr.  J.  R.  R.  Wilson),  in  proposing  a  vote 
of  thanks  to  Mr.  Habershon  for  his  paper,  pointed  out  the  extreme 
importance  of  such  a  paper  at  a  time  when  the  question  of 
rescue-stations  was  attracting  so  much  attention. 

Prof.  G.  R.  Thompsox  said  that  all  who  were  present  at  the 
meeting  at  Altofts  colliery  were  perfectly  satisfied  that  rescue- 
apparatus  would  be  of  use  in  mines.  Recently,  it  had  been  con- 
tended that  the  only  way  of  dealing  with  a  mine  after  an  explo- 
sion was  for  the  explorers  to  carry  in  the  air  with  them.  Every 
miner  would  admit  that  the  restoration  of  the  ventilation  was  what 
they  wished  to  accomplish,  and  they  had  seen  at  Altofts  colliery 
the  most  convincing  evidence  that  vigorous  work  was  possible  in 
a  poisonous  atmosphere,  when  using  either  the  Draeger  or  the 
Weg  apparatus.  Surely  such  appliances  would  enable  them  to 
re-establish  the  ventilation  much  more  readily.  Mr.  Habershon 
had  given  the  members  careful  details  of  the  steps  to  be  taken 
so  as  to  ensure  that  the  apparatus  should  always  be  ready  for 
use ;  and,  if  his  methods  of  testing  and  supervision  were  rigidly 
adhered  to,  no  fear  need  be  entertained  that  the  apparatus  would 
fail  when  required.  He  regretted  that  accurate  information  was 
not  recorded  in  mining  text-books,  regarding  the  effects  of  varia- 
tions in  the  composition  of  the  atmosphere  breathed,  and  he 
wished  that  Mr.  Habershon  had  told  the  members  more  on  that 
point.  It  was,  however,  stated  that  an  increase  in  the  amount 
of  carbon  dioxide  produced  ill-effects,  which  could  not  be  re- 
moved by  increasing  the  amount  of  oxygen  ;  and  that  a  deficiency 
of  oxygen,  apart  from  the  presence  of  carbon  dioxide,  was  alsO' 
harmful.  The  methods  of  absorbing  the  carbon  dioxide  generated 
in  breathing  seemed  sufficiently  perfect  in  the  newer  forms  to 
keep  it  below  injurious  proportions  ;  but  he  asked  whether  there 
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was  any  danger  of  the  nitrogen,  in  the  compressed  oxygen  used, 
accumulating  in  the  Weg  apparatus  to  such  an  extent  that  the 
deficiency  of  oxygen  would  become  serious.  He  had  much  plea- 
sure in  seconding  the  vote  of  thanks. 

Mr.  W.  McD.  Mackey,  referring  to  the  breathing  and  re- 
breathing  continuously  of  one  charge  of  nitrogen,  said  that  a 
man  continually  for  months  or  years  breathing  nitrogen,  or 
rather  air,  under  the  conditions  obtaining  in  rescue-apparatus, 
would  certainly  weaken  his  lungs  and  become  liable  to  consump- 
tion ;  that  was,  the  organic  matter  continually  breathed  out  of 
his  lungs  would  accumulate  and  bring  on  some  sort  of  poison- 
ing. But,  in  an  apparatus  of  this  kind,  used  for  a  short  time 
only,  he  thought  that  the  matter  was  of  no  importance. 
He  supposed  that  the  point  raised  by  Prof.  Thompson  had 
been  dealt  with  before :  he  was  not  aware  that  provision  had 
been  made  to  get  rid  of  any  excess  of  nitrogen,  but  he  supposed 
that  it  was  so.  Compressed  oxygen  in  cylinders  contained  not 
less  than  2  per  cent,  of  nitrogen,  and  it  might  rise  to  4  per  cent. 
and  even  more.  Of  course,  under  these  conditions,  if  nitrogen 
accumulated  in  the  apparatus,  the  percentage  would  become  very 
high  in  the  course  of  a  few  hours.  Looking  at  it  from  the 
chemical  standpoint,  he  (Mr.  Mackey)  liked  the  pneumatogen, 
as  it  seemed  very  simple.  It  had  the  objection  that  it  became 
too  warm  ;  but  it  was  light,  and  mechanically  simple.  He  asked 
if  there  were  any  data  by  which  a  comparison  could  be  made 
between  the  pneumatogen  and  the  other  forms  of  apparatus. 

Sergeant  A.  T.  "Wixborx  said  that  Mr.  Paul  Renaud  had 
stated  that  the  period  during  which  the  pneumatogen  could 
be  used  was  too  short,  and  that  it  was  liable  to  cause  sickness 
owing  to  the  amount  of  carbon  dioxide  present,*  and  Mr.  H. 
Grahn,  of  the  Bochum  mining  school,  had  reported  that,  where- 
as no  ill  effects  were  experienced  from  the  use  of  the  Draeger 
apparatus,  the  men  wearing  the  pneumatogen  frequently  com- 
plained of  pains  in  the  head.t  In  the  very  limited  experience 
at     Tankersley     with     this     apparatus,     there     had     been     no 

*  Compter  Rendus  Men-suds des  Reunions  de  la  Sociiti  de  I'Industrie  Mine'ra/e, 
1907,  page  68. 

f  "  Bericht  iiber  Versuche  mit  Rettungsapparaten  unci  fiber  deren  Verbes- 
serungen "  (Experiments  with  Rescue-apparatus),  by  Mr.  Hermann  Grahn, 
Gluckauf,  1906,  vol.  xlii. ,  page  665. 
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complaints  from  this  source,  but  complaints  had  arisen  from 
the  over-heating  of  the  apparatus,  brought  about  by  the 
generation  of  oxygen.  He  (Mr.  Winborn)  thought  that  the 
first  type  of  pneumatogen,  even  in  its  present  condition,  formed 
an  almost  necessary  part  of  the  equipment  of  a  rescue-station, 
as  they  could  be  used  by  a  rescue-party  in  connection  with  the 
bringing  out  of  men  who  might  need  such  assistance. 

The  theoretical  principles  of  different  types  of  apparatus  had 
been  explained,  as  also  particulars  of  tests  made  with  them ;  but 
the  actual  number  of  men  who  had  become  efficient,  out  of  a  given 
number  undergoing  instruction,  in  the  use  of  any  particular 
type  of  apparatus  had  rarely  been  given  in  discussion  upon  this 
subject.  During  his  experience  as  instructor  at  the  Tankersley 
rescue-station,  he  had  learned  to  judge  an  apparatus  according 
to  the  number  of  men  that  he  had  been  able  to  get  to  wear  it  in  an 
efficient  manner.  He  thought  that  the  opinion  of  the  men  them- 
selves went  a  long"  way  in  estimating  the  value  of  an  apparatus. 
They  had  to  put  up  with  any  discomfort  Avhich  might  arise 
through  wearing  it,  and  they  would  be  the  very  first  to  find  out 
flaws  or  imperfections.  He  considered  that  the  best  testimonial 
which  any  apparatus  could  have  was  the  decided  preference 
shown  for  it,  over  other  types,  by  the  men  who  had  to  wear  it.  In 
his  opinion  it  was  not  sufficient  to  have  at  each  pit  a  few  men  who 
could  wear  an  apparatus.  The  difficulty  in  getting  such  men 
upon  the  spot  when  wanted  would  be  great,  and  too  largely  a 
matter  of  chance ;  and,  at  a  time  of  disaster,  these  men  might  be 
in  the  pit,  and  themselves  in  need  of  succour.  An  apparatus 
was  wanted  such  as  the  maximum  number  of  men  could  wear, 
with  the  minimum  amount  of  practice  to  attain  proficiency.  All 
men  were  not  alike  constitutionally.  Some  could  wear  an  appar- 
atus for  a  long  period,  and  perform  a  creditable  amount  of  work ; 
whereas  others  could  wear  precisely  the  same  apparatus  only  for 
a  short  time,  and  the  wearing  was  then  often  accompanied  by 
ill  after-effects.  Great  strides  had  been  made  in  the  last  few 
years  in  perfecting  the  system  of  regenerating  the  exhaled  air, 
and  all  types  of  apparatus  were  much  more  perfect  to-day  than 
a  few  years  ago.  For  instance,  during  1904,  out  of  70  men 
attending  for  instruction  in  the  Shamrock  type  of  apparatus, 
barely  10  per  cent,  attained  efficiency.  During  1906,  out  of  the 
same  number  of  men  receiving  instruction  in  the  same  type  of 
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apparatus,  60  per  cent,  became  efficient.  But,  in  spite  of  improve- 
ments, there  still  existed  this  distinction  as  between  different  types 
of  apparatus,  that  although  60  per  cent,  could  wear  one  apparatus, 
only  40  per  cent,  of  the  same  men  could  wear  another  type  of 
apparatus  in  anything  like  a  satisfactory  manner.  With  regard 
to  the  Draeger  type  of  apparatus,  all  the  men  attending  instruc- 
tion last  year  were  able  to  wear  it  for  the  full  period  ;  and  he  had 
yet  to  find  the  man,  constitutionally  suitable,  who  could  not  wear 
it.  The  value  of  such  an  apparatus,  where  a  large  number  of 
men  had  to  be  trained,  was  inestimable. 

He  had  seen  the  new  Shamrock  apparatus,  which  comprized 
many  important  improvements.  It  could  be  used  either  as  a 
mouth-breathing  apparatus,  or  with  a  helmet ;  the  latter  having 
the  additional  advantage  of  being  valveless.  The  position  of  the 
injector  had  been  altered,  thus  minimizing  the  possibility  of  any 
matter  effecting  a  lodgement  therein,  such  as  to  impede  its 
proper  working.  The  regenerator,  instead  of  being  carried  inside 
the  breathing-bag,  was  now  carried  outside  and  on  the  top  of  it. 
The  apparatus  could  be  recharged  in  a  few  minutes,  by  substitut- 
ing a  fresh  regenerator  for  the  used  one,  which  could  be  recharged 
with  the  necessary  alkali  at  leisure  and  used  again,  and  so  on 
indefinitely.  The  Draeger  also  had  this  advantage,  excepting 
that  the  cartridges  or  regenerators  were  discarded  altogether  after 
being  used.  The  oxygen-cylinders  of  the  new  Shamrock  appar- 
atus were  now  nickel-plated  inside,  as  a  precaution  against  the 
accumulation  of  rust.  A  trap  was  placed  at  the  outlet-end  to 
collect  any  foreign  matter,  which  otherwise  might  find  its  way 
into  the  reducing  valve  or  injector. 

Mr.  \V.  D.  Lloyd  (Altofts  Colliery),  on  behalf  of  himself  and 
the  men  at  Altofts,  said  that  he  was  much  gratified  by  the  thanks 
of  the  members.  He  thought  that  there  were  many  points  about 
the  oxygen-supply,  which  required  carefully  looking  into.  He 
agreed  with  Mr.  Habershon  in  regard  to  the  question  of  the 
recharging  of  cylinders  by  pumping  water  into  the  storage- 
cylinders  ;  Messrs.  Draeger  had  introduced  an  apparatus  which 
overcame  that  difficulty,  but  there  still  remained  the  difficulty  of 
the  moisture  in  the  oxygen.  He  recently  had  occasion  to 
measure  the  cubical  contents  of  a  cylinder  by  filling  it  with 
water :  when  the  water  was  poured  out,  it  was  absolutely  red  with 
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rust,  and,  after  standing,  there  was  a  considerable  deposit.  The 
accumulation  of  rust  in  the  cylinder  was  a  very  serious  matter, 
because  reducing  valves  of  some  sort  and  small  passages  with 
wire-gauze  protections  were  unavoidable  in  any  apparatus  ;  and 
this  rust  was  liable  to  get  into  the  passag*es,  and  block  them 
so  as  to  render  the  apparatus  inefficient,  and  possibly  cause  the 
death  of  a  man  wearing  the  apparatus.  He  could  corroborate 
Mr.  Mackey's  statement  that  ordinary  commercial  oxygen  con- 
tained from  2  to  4  per  cent,  of  nitrogen  :  there  was  often  6  per 
cent,  and  sometimes  more  in  it ;  and  he  had  known  as  much  as 
10  per  cent,  of  nitrogen  to  be  present.  Only  a  small  volume  of 
oxygen  was  carried  in  the  apparatus,  and  if  10  per  cent,  were 
nitrogen,  it  became  a  very  serious  matter.  He  most  strongly 
pleaded  for  as  pure  a  supply  of  oxygen  as  possible.  He  believed 
that  some  of  the  methods  of  manufacture  were  within  the  scope 
of  rescue-stations,  and  he  hoped  that  they  would  be  able  to  make 
their  own. 

Dr.  J.  S.  Haldane,  when  testing  the  TTeg  apparatus  at 
Altofts,  expected  to  find  that  an  excess  of  nitrogen  might,  at 
times,  be  present.  Dr.  Haldane  laid  stress  on  the  point  that,  if 
a  man  got  too  much  nitrogen  or  there  was  a  deficiency  of  oxygen, 
it  would  not  be  noticed  in  the  breathing.*  The  man  would  go- 
on breathing  it  until  he  became  blue  in  the  face  and  fell  down, 
but  he  would  not  experience  any  difference  in  his  breathing. 
The  smallest  percentage  of  oxygen  found  in  the  \Veg  apparatus 
by  Dr.  Haldane  was  14  per  cent.,  and  this  meant,  of  course, 
that  there  Avas  86  per  cent,  of  nitrogen ;  and,  adopting  the  per- 
centages quoted  by  Mr.  Habershon,  this  was  still  a  breathable 
atmosphere,  although  the  air  analysed  was  obtained  from  the 
back  bag  or  reserve-supply,  which  should  be  renewed  with  more 
oxygen  before  being  breathed  again.  He  thought  that  Dr. 
Haldane  had  obtained  as  high  as  60  per  cent,  of  oxygen. 

A  point  for  discussion  was  that  the  apparatus  described  hy 
Mr.  Habershon  was  of  the  constant-supply  type.  For  ordinary 
hard  work,  Mr.  Habershon  stated  that  between  3,050  and  3,660 
cubic  inches  (50  to  60  litres)  a  minute  were  required,  and,  at 
times,  even  6,100  cubic  inches  (100  litres).  If  the  apparatus 
were  set  to  supply,  say,  3,050  cubic  inches  (50  litres),  the  men. 
were  not  in  a  position  to  meet  any  demands  for  very  great  exer- 

*   Traits,  hist.  M.  E.,  1906,  vol.  xxxi.,  page  617. 
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tion,  in  the  same  way  that  they  could  with  a  lung-governed  and 
intermittent  apparatus,  such  as  the  Weg  apparatus.  The  reducing 
valve  in  the  Weg  apparatus  was  operated  by  the  lungs,  oxygen  was 
supplied  as  required,  and  it  was  thus  enabled  to  meet  all  excessive 
demands.  In  the  Weg  apparatus,  if  oxygen  were  not  required, 
it  was  not  used ;  whereas,  with  a  constant-supply  apparatus,  if 
the  oxygen  were  not  required,  it  had  to  come  out  and  it  was 
wasted.  If  a  man  sat  down,  wearing  an  apparatus  of  the  constant- 
supply  type,  the  apparatus  would  only  last  the  ordinary  period 
of  time ;  whereas,  with  the  other,  if  the  man  sat  down  doing 
nothing,  he  did  not  use  much  oxygen,  and  he  could  wear  his 
apparatus  for  a  much  longer  time  than  the  ordinary  period  for 
hard  work.  For  instance,  a  man  had  worn  an  ordinary  Weg 
apparatus,  sitting  still,  for  6  hours,  and  he  was  able  to  work  after 
that.  Thus,  one  or  more  members  of  a  rescue-party  might  be 
cut  off  by  a  fall  of  roof,  and  be  unable  to  return  to  safety  as  early 
as  they  expected :  if  2  hours  were  required  to>  get  at  a  man 
after  he  had  been  using  the  apparatus,  say,  1|  hours,  he  would 
be  dead  long  before  he  could  be  reached;  whereas,  wearing  an 
apparatus  of  the  intermittent  type,  he  might  be  able  to  stay  3 
or  4  hours,  with  every  hope  of  being  ultimately  rescued. 

With  all  deference  to  Mr.  G.  A.  Meyer,  the  men  who  were 
going  to  wear  the  apparatus  should  have  a  great  deal  to  say 
about  the  type.  If  one  wore  a  nose-clip,  and  in  addition  put  on 
smoke-tight  goggles,  and  tried  to  do  one's  ordinary  work  in  a 
pit,  one  would  find  oneself  considerably  crippled  and  uncomfort- 
able ;  and  he  thought  that  the  more  comfortable  the  apparatus 
the  better.  Of  course,  the  glass  or  mica  pane  in  front  of  the 
ordinary  helmet  was  certainly  a  weak  point,  because  once  that 
was  broken  the  helmet  became  useless.  Everything  pointed  to 
the  use  of  some  sort  of  a  mouthpiece,  to  include  the  nose  without 
covering  the  eyes,  and  to  have  the  additional  advantage  that  any 
moisture  from  the  breath,  or  induced  by  perspiration  of  the  lower 
part  of  the  face,  should  not  cloud  the  glass  in  front  of  the  eyes. 

Mr.  F.  Hagemaxx  (Hibernia  Collieries,  Westphalia)  wrote 
that  he  had  pleasure  in  acknowledging  that  Mr.  Habershon 
judged  impartially,  and  had  brought  great  experience  and  a  com- 
plete knowledge  of  important  details  to  bear  on  the  subject. 
The  decision  as  to  whether  a  helmet  or  a  mouthpiece  apparatus 
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was  to  be  preferred,  was,  in  his  opinion,  not  a  matter  for  the 
rescne-men,  but  one  to  be  decided  only  by  the  engineer  of  the 
rescue-corps.     The  men   would   be   inclined  to   prefer   the  most 
comfortable  appliance  ;  whilst  the  manager  of  the  rescue-arrange- 
ments would,  if  he  were  the  right  man  in  the  right  place,  feel  the 
full  responsibility  of  his  position,  and  would  only  think  of  safety : 
after  this  point  had  been  satisfactorily  settled,  he  would  then 
consider     the     comfort     of     the     men.       Mr.     Habershon     had 
pointed  out  that,  in  Great  Britain,  rescue-work  was  performed 
voluntarily  by  the  men  ;  and  he  appeared  to  be  under  the  impres- 
sion that,  in  Germany  and  especially  at  the  Hibernia  collieries,, 
it  was  done  compulsorily.       This  was  not  the  case  :   there  was  no 
compulsion  throughout  Westphalia  ;  there  were  up  to  the  present 
date  no>  Government  or  local  rules  requiring  the  provision   of 
rescue-corps  at  the  collieries ;    and  none   of  the  miners  at  the 
Hibernia   collieries  were  compelled  to  become  members  of  the 
rescue-corps.     It  had  been  fully  recognized  that  such  an  institu- 
tion would  never  nourish  and  become   effectual,   unless  it  was 
carried   out  and  accomplished  by  voluntary  work.     He   agreed 
with  Mr.  Habershon  that  the  question  of  helmet  or  mouth-breath- 
ing could   be   decided  only   after  greater  experience  had  been 
obtained,  but  he  was  not  able  to  look  at  this  question  as  one  of 
detail.      He  was  convinced  that  the  Swiss  miner,  who  was  found 
dead  in  the  Courrieres  mine  (after  the  German  rescue-corps  had 
left)  with  the  torn-off  helmet  beside  him,  had  not  considered  the 
question,  when  he  decided  to  tear  off  his  helmet.       This  ques- 
tion had   been  solved   at  the   Shamrock  colliery   in  two   ways : 
For  instance,  if  it  was  required  to  fit  an  apparatus  airtight  on 
.the  surface  of  the  human  body,  it  would  be  most  easily  accom- 
plished by   finding  the   smallest  surface.     On   the    other  hand,, 
experience  had  shown  that  it  was  very  difficult  to  fasten  a  helmet 
tightly  on  the  human  head,  by  pneumatic  pressure,  without  affect- 
ing the  circulation  of  the  blood  in  the  arteries  of  the  head,  and 
there  was  the  additional  danger  of  damage  to  the  mica  or  glass- 
window  in  the  helmet.     For  these  reasons,  the  arrangement  of 
mouth-breathing,  and  closing  the  nostrils  with  greased-wadding 
plugs    combined    with   a    nose-cap,    had    been    adopted   at    the 
Hibernia    collieries.       It    was    remarkable    that,    in    the    latest 
types    of   life-saving    apparatus,    the    mouth-breathing    method 
seemed    to    be   preferred.        Table    I.     records     the    result    of 
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practices  with  the 
Shamrock  appa- 
ratus at  the  Sham- 
rock collieries 
during-  190G.  The 
apparatus  had 
shown  some  small 
defects  during-  the 
early  part  of  the 
year :  two  pract- 
ices, or  1*22  per 
cent,  of  a  total 
of  163  practices, 
had  been  inter- 
rupted, owing  to 
defects  in  the  ap- 
paratus. In  the 
first  case,  the  oxy- 
gen -  supply  was 
exhausted  in  1 
hour  45  minutes ; 
and  in  the  second 
case,  owing  to  a 
leakage  of  the 
emergency  -  valve, 
the  oxygen  -  sup- 
ply was  entirely 
exhausted  within 
1  hour  33  minutes. 
The  emerg-ency- 
valve  had  only 
been  applied  for 
experimental  pur- 
poses, and  was  not 
fitted  to  the  stand- 
ard type  of  ap- 
paratus. The 
rescue-corps  com- 
prized 31  men  and 
50  trained  officials, 
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a  total  of  81  members.  (Jut  of  67  mine-officials,  62  men,  or 
92"54  per  cent.,  had  been  fully  trained  in  the  care  and  use  of 
oxygen-breathing  apparatus.  He  (Mr.  Hagemann)  had  had 
opportunities  of  seeing  and  experimenting  with  all  the  life- 
saving  appliances  at  present  in  use,  excepting  the  AVeg,  which 
had  not  yet  been  used  on  the  Continent. 

Mr.  H.  E.  Gregory  wrote  that  the  increasing  reliability  and 
usefulness  of  the  newer  forms  of  breathing-appliances  were  well 
shown  in  Mr.  Habershon's  paper ;  and  it  was  evident  that  the 
desiderata  of  purity  and  abundance  of  the  breathing  mixture, 
as  well  as  simplicity  of  construction,  were  being  brought  to  a  high 
degree  of  safety.  There  was  still  the  possibility  of  defect  in 
these  matters,  and  whether  this  possibility  had  been  sufficiently 
recognized  and  provided  for  was,  to  some,  still  a  matter  of  doubt. 
Mr.  Habershon  did  not  say  whether  his  appliances  could  be 
considered  simple  in  construction,  or  whether  any  difficulty 
might  be  overcome  by  perfect  training  of  the  wearers  and  by 
rigorous  care  and  inspection  of  the  apparatus.  The  training 
would  be  of  greater  value  if  the  practising  chambers  for  the 
apparatus  were  filled  with  a  de-oxidized  atmosphere,  such  as  a 
•cooled  beehive  coke-oven  effluent,  or  boiler-flue  gases.  Men 
who  had  been  trained  under  such  conditions  would  be  more 
confident,  and  therefore  more  successful,  when  they  came  to 
practical  work  iu  a  wrecked  mine.  The  probability  of  a  fatal 
sequel  to  a  breakdown  or  defect  in  the  apparatus,  when  in  use, 
should  be  provided  for.  The  provision  of  each  apparatus  iu 
duplicate  would  make  the  appliances  too  heavy  for  a  man  to 
carry,  but  perhaps  the  more  delicate  parts  might  be  duplicated 
and  thereby  increase  the  safety.  \Vith  regard  to  the  point 
raised  by  Mr.  Habershon  as  to  the  comparative  advantages  or 
disadvantages  of  the  helmet  and  mouth-breathing  types,  his  (Mr. 
Gregory's)  preference  for  mouth-breathing  was  further  strength- 
ened by  the  following  quotation  : — -"Breathing  air  containing 
4  to  10  per  cent,  of  carbon  dioxide  brings  on  pains  and  throbbing 
in  the  head,  accompanied  by  vomiting.'"*  Vomiting,  when 
wearing  a  helmet,  would,  by  choking  up  the  tubes  and  valves, 
probably  prove  fatal ;    whereas  the  wearer  of  a  mouth-breathing 

*  Trans.  Inst.  M.  E.,  1907,  vol.  xxxiii.,  page  214;  and  "The  Physiological 
Effects  of  Air  vitiated  by  Respiration,"  by  Dr.  J.  S.  Hahlane  and  Mr.  J.  Lorrain 
Smith,  The  Journal  of  Pathology  and  Bacteriology,  1892,  vol.  i. ,  page  168. 
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apparatus  would  possibly  be  able  to  remove  the  mouthpiece 
before  vomiting  began,  and  to  re-iusert  it  immediately  after- 
wards, and  thus  preserve  the  apparatus  from  injury.  The  mem- 
bers and  the  mining  community  generally  were  undoubtedly 
under  a  great  obligation  to  Mr.  Habershon  and  the  associated 
colliery  companies  for  their  great  and  humane  work  directed  to- 
wards minimizing  the  penalties  of  accidents  in  mines ;  and  the 
results  of  their  practical  efforts  and  achievements,  as  shown  in 
this  and  previous  papers,  were  of  the  greatest  importance  and 
would  be  a  useful  guide  in  the  establishment  and  working  of 
other  rescue-stations. 

Mr.  Richard  Jacobson  (London)  wrote  that  Mr.  Habershon 
had  referred  to  the  grave  danger  likely  to  occur  when  using  a 
hydraulic  pump  to  obtain  a  pressure  of  120  atmospheres  in  a  small 
oxygen-cylinder :  namely,  the  possibility  of  rust  entering  the 
cylinder  and  passing  into  the  vital  parts  of  the  apparatus,  with 
the  ultimate  result  of  hindering  the  free  circulation  of  air  in  the 
breathing-apparatus.  In  order  to  avoid  the  possibility  of  that 
danger,  Messrs.  Draeger  had  constructed  a  high-pressure  pump, 
which  worked  without  the  use  of  water.  An  interesting  paper 
on  "  Tests  of  Life-saving  Apparatus,"'  in  which  a  self-acting 
work-recording  machine  was  used  and  accurate  determinations 
of  carbon  dioxide  made  with  a  special  apparatus,  had  recently 
been  published.*  He  could  not  agree  with  Mr.  Hagemann  that 
the  decision  as  to  whether  a  man  should  wear  a  helmet  or  mouth- 
breathing  bag  should  rest  with  the  instructor  or  engineer  in 
charge  of  a  rescue-party.  That  might  be  the  case  in  practice- 
work,  but  in  the  case  of  actual  rescue-work,  where  a  man  wanted 
all  his  confidence  for  the  task  before  him,  it  was  certainly 
inadvisable  to  force  him  to  wear  an  apparatus  in  which  he  had  no 
confidence  and  which  made  him  uncomfortable  and  nervous. 
With  apparatus  in  which  the  helmet  and  mouth-breathing  appar- 
atus were  equally  efficient,  as  was  the  case  with  the  Draeger 
apparatus,  a  man  certainly  ought  to  be  allowed  to  choose  for 
himself.  With  regard  to  Mr.  Hagemann's  reference  to  the 
danger  that  attended  the  use  of  a  mica-window  in  the  helmet,  he 

*  "Die  Priifung  von  Rettungsapparaten  (lurch  selbsttatige  Arbeitsmessung 
and  exakte  Kohlensaure-Bestinuming,  von  Heinrich  und  Bernhard  Draeger,"  by 
Drs.  Th.  Wetzke,  Christern  and  Wex,  Kohle  und  Eri,  1907,  Xo.  6. 
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(Mr.  Jacobson)  would  point  out  that  the  window  in  the  Draeger 
apparatus  was  protected  against  damage  by  a  strong  wire  guard. 
The  pneumatic  arrangement  in  the  Draeger  helmet  for  making 
an  airtight  joint  between  the  helmet  and  the  face  of  the  wearer 
was  the  only  possible  successful  method.  Referring  to  Mr. 
Hagemann's  remarks  on  the  Swiss  miner  who,  at  Courrieres,  was 
found  dead,  with  his  helmet  torn  off,  he  (Mr.  Jacobson)  might 
state  that  it  had  been  established  beyond  a  doubt  that  the  man's 
apparatus  was  not  in  action,  and  that  two  other  men  who  were 
with  him,  wearing  the  Shamrock  apparatus,  were  affected  by 
the  gas,  but  had  had  time  to  withdraw  to  a  place  of  safety.  Mr. 
H.  E.  Gregory's  remarks  about  the  advantage  of  mouth-breathing 
types  of  apparatus  showed  a  want  of  acquaintance  with  the 
Draeger  helmet.  The  pneumatic  method  of  making  an  airtight 
joint  in  no  way  hindered  the  circulation  of  the  blood ;  the  valves 
were  arranged  so  that  they  could  not  be  choked  ;  and,  in  case 
of  need,  the  air-lid  in  the  helmet  could  just  as  easily  be  opened 
by  the  wearer,  as  the  mouthpiece  could  be  removed. 

Mr.  M.  H.  Habershox,  replying  to  the  discussion,  thought 
that  Mr.  Gregory,  in  speaking  of  the  breathing  of  carbon  dioxide 
was  referring  to  the  Shamrock-Giersberg  type  of  apparatus,  and 
probably  had  had  no  experience  of  recent  appliances  fitted  with 
improved  regenerators.  His  paper  contained  no  reference  to  the 
"Weg  apparatus,  which  was  not  yet  standardized,  and  he  had  had 
no  opportunity  of  testing  it.  He  had  recently  seen  the  improved 
Shamrock  apparatus,  which  showed  a  decided  advance  on  the 
type  used  at  the  Taiikersley  rescue-station,  and  he  thought  it  was 
probable  that  it  would  now  permit  of  similar  hard  work  being 
done  to  that  which  they  had  accomplished  with  the  Draeger 
appliance.  Experiments  had  not  been  made  with  the  pneumato- 
gen,  on  account  of  the  high  cost  of  the  cartridges  used  with  that 
apparatus :  their  funds  were  limited,  and  they  were  obliged  to 
proceed  carefully.  During  the  last  few  years,  however,  various 
appliances  had  been  tested  as  they  had  become  available,  and  a 
number  of  men  had  been  trained.  At  the  present  time,  about 
1)8  men,  altogether,  had  been  trained,  connected  Avith  the  four 
colliery  companies  interested  in  the  rescue-station.  The  earlier 
appliances  were,  however,  now  entirely  obsolete,  and  their  rescue- 
station  was  not  adequately  equipped  with  a  sufficient  number  of 
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up-to-date  and  reliable  apparatus.  Sergeant  TTinborn's  remarks 
as  to  the  probable  value  of  the  lighter  form  of  the  pneumatogen 
seemed  very  apropos  to  the  opinion,  expressed  by  Mr.  F.  A.  Gray. 
H.M.  inspector  of  mines,  in  his  evidence  before  the  Royal  Com- 
mission on  the  question  of  the  possibility  of  saving  the  lives  of 
men.*  The  first  type  of  pneumatogen  had  a  total  weight  of  only 
3£  pounds,  and  would  supply  air  for  45  minutes.  It  could  be 
easily  carried  by  a  rescue-party,  and  used  in  the  work  of  bringing 
men  out  through  an  irrespirable  atmosphere.t 

Referring  to  the  report  on  the  demonstration  of  the  use  of 
rescue-apparatus  at  Altofts  colliery,  he  thought  that  the  dis- 
tances walked,  namely,  1,760  yards  with  the  Weg  and  384 
yards  with  the  Draeger,  were  somewhat  misleading,  as  the  men 
wearing  the  Draeger  apparatus  only  walked  the  distance 
arranged  by  the  programme,  not  knowing  that  any  further 
distance  would  be  recorded. 

The  best  duration-tests  made  at  the  Tankersley  rescue-station 
were  as  follows: — (1)  W.  Clifford,  of  Strafford  colliery,  with 
Draeger  mouth-breathing  type,  4  hours  3  minutes ;  no  work 
done.  (2)  J.  Anderson,  of  Barrow  collieries,  with  Draeger  mouth- 
breathing  type,  5  hours,  during  which  time  he  walked  7,400 
yards.  At  the  conclusion  of  this  test  the  man  was  very  hungry : 
this  seemed  the  most  noticeable  fact,  after  wearing  the  apparatus 
for  a  long  period.  (3)  As  regards  weight-lifting  tests :  J. 
Anderson,  on  one  occasion,  had  raised  a  56  pounds  weight  to  a 
height  of  7  feet,  610  times,  equal  to  239,120  foot-pounds,  in  1 
hour  and  40  minutes.  At  Altofts  collieries,  he  and  another 
man  performed  together  256,032  foot-pounds ;  but,  as  Mr.  Lloyd 
had  pointed  out,  they  had  previously  been  over  falls,  and  assisted 
in  bringing  out  the  dummy  man  on  a  sledge.  He  thought  that  the 
fact  that  it  was  thus  possible  to  do  ex+remely  hard  work  for  2 
hours  with  this  apparatus,  somewhat  answered  Mr.  Lloyd's  re- 
marks about  the  disadvantage  of  using  an  apparatus  with  a 
constant  supply  of  oxygen ;  and  that  much  could  be  said  in 
favour  of  the  constant  supply,  which  required  no  thought,  or 
manipulation,  or  attention  whatever,  from  the  wearer  for  2  hours, 

*  Minutes  of  Evidence  taken  before  the  Royal  Commission  on  Mine*, 
Wednesday,  28th  November,  1906,  proof;  and  The  Colliery  Guardian,  1907, 
vol.  xciii.,  page  395. 

t  Trans.  Inst.  M.  E.,  1906,  vol.  xxxii.,  page  55. 
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and  thus  added  to  the  desired  simplicity  of  construction.  He 
thought  that  an  apparatus  sufficient  for  the  above  work  for  2 
hours  might  be  considered  a  serviceable  apparatus,  and  that,  with 
the  improvements  which  were  constantly  being  introduced,  there 
was  every  encouragement  to  go  forward.  He  thanked  the 
members  for  the  kindly  manner  in  which  they  had  received 
his  paper. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL   ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  in  the  Philosophical  Hall,  Park  Row,  Leeds,  July  23rd,  1907. 


Mr.  J.  R.  P.  WILSON,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


Messrs.  J.  Elce  and  E.  Barraclough  were  appointed  scrutineers 
of  the  balloting-lists  for  the  election  of  Officers  and  Council,  and 
also  for  representatives  of  the  Institute  on  the  Council  of  The 
Institution  of  Mining  Engineers  for  1907-1908. 


The  following  gentlemen  and  a   colliery  firm,   having  been 
duly  nominated,  were  elected  :  — 

Members  — 
Mr.  Herbert  Newton  Berry,  Mining  Engineer,  32,  Hampton  Road,  Sheffield. 
Mr.  William  Woodyear  Buckton,  72,  Victoria  Street,  Westminster,  London, 

S.W. 
Mr.  Bert  Francis  Buxton,  Wilson  Hill,  Dore,  near  Sheffield. 
Mr.  Joseph  Oxlev  Cooper,  Certificated  Manager.  Leeds  Road.  Glass  Houghton, 

Castleford. 
Mr.  Frank  Jeffcott  Dymond,  Mining  Engineer,  Liversedge  Coal  Company, 

Liversedge,  Normanton. 
Mr.  Percy  N.  Hambly,  Mechanical  Engineer,  Grange  House,  Dropping  Well, 

near  Rotherham. 
Mr.  James  Hartley,   Under-manager,  Park-in-view,  Church  Fields,  Castle- 
ford. 
Mr.  William  H.  Patchell,  Consulting  Engineer,  Caxton  House,  Westminster. 
Mr.  Geza   Rex,   Professor  at  the  Mining-engineering  School,  Selmecbanya, 

Hungary. 
Mr.  John  Kenneth  Lewson  Ross,  Colliery  Proprietor,  Sydney,  Cape  Breton, 

Nova  Scotia,  Canada. 
Mr.  Alexander    James    Mackintosh    Shaw,    Engineer  -  in  -  charge,    Pekin 

Syndicate  Railway,  Hsin  Hsiang,  Hsien,  Honan,  China. 
Mr.  Alfred  Gordon  Waddie,  Engineer,  20,  Roman  Place,  Roundhay,  Leeds. 

9 


94:  ANNUAL    REPOKT    OF    THE    COUXCIL. 

Associate— 
Mr.  George  F.  Schofield,  Assistant  Mechanical  Engineer,  Whitwood  Col- 
lieries, Normanton. 

Students — 
Mr.  David  Gilchrist,  University  Student,  1,  Gladstone  Road,  Scarborough. 
Mr.  Athole    Frederick    Holden,    University    Student,    Nuttall    Rectory, 

Nottingliam. 
Mr.  James  S.  Wadsworth,  Mining  Pupil,  Hill  Crest,  Harrogate. 

Subscribing  Firm — 
The  New   Moncktox   Colliery   Company,   Limited,   Colliery    Proprietors, 
Barnsley. 


The  Annual  Eeport  of  the  Council  and  the  Treasurer's  State- 
ment of  Accounts  were  presented,  as  follows:  — 

ANNUAL  REPORT  OF  THE  COUNCIL,    1906-1907. 

The  Council  have  pleasure  in  presenting  to  the  Institute  their 
Annual  Report  for  the  year  1906-1907. 

The  number  of  members  who  have  paid  their  subscription 
for  the  year  is  336 ;  and  the  following  is  a  comparison  of  the 
numbers  for  this  year  with  the  year  1905-1906:  — 


Life  members 
Members  (class  a) 
Associate  members  (class  6) 
Associates  (class  d) 
Students  (class  e) 
Subscribing  firms 

Totals 


1905-1906. 

1906-1907 

1 

1 

272 

298 

11 

12 

7 

5 

17 

14 

_ 

6 

30S  336 


At  the  date  of  closing  the  accounts,  subscriptions  were  due 
from  13  members. 

Thirty-nine  members  were  elected  during  the  year,  namely, 
28  members,  3  associate  members,  2  students  and  6  subscribing 
firms.     Three  members  have  resigned  since  July  1st,  1906. 

The  Council  regret  to  have  to  record  the  death  of  two  mem- 
bers during  the  year,  Mr.  T.  Andrews,  F.R.S.,  and  Mr.  B. 
Behrens.  The  Council  desire  to  place  on  record  their  high  appre- 
ciation of  the  valuable  researches  carried  out  by  Mr.  Andrews 
in  the  department  of  metallurgy,  and  their  sense  of  the 
great  loss  sustained  by  the  Institute  and  the  profession  by  his 
death. 
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The  following  table  shows  the  balance  of  members  for  the 
year :  — ■ 

Subscriptions  paid  to  June  30th,  1906         '      308 

Subscriptions    for    the    year    1905-1906,    received   since   June 

30th,  1906 7 

Members  elected  1906-1907 39 

Members    elected    1905-1906,    who   commenced   payment   from 

June  30th,  1906 7 


361 


Resignations  from  June  30th,  1906  ...         ...  ...         ...         ...         8 

Deaths     ...         ...         ...         ...         ...         ...         ...         4 

Subscriptions  unpaid    ...         ...         ...         ...         ...         ...         ...       13 


25 


Total  number  of  subscribing  members        ...         ...         ...         ...  336 

Honorary  members       ...         ...         ...         ...         ...         ...         ...  7 

Total        343 


It  is  gratifying-  to  record  a  nett  increase  of  28  in  the  number 
of  members  during  the  year,  as  compared  with  G  in  1905-1900. 
The  Council  feel  that  it  is  a  matter  for  congratulation  that  the 
appeal  made  in  last  year's  report  has  been  so  readilj'"  responded 
to  by  the  members  of  the  Institute.  It  is  evidence  of  that 
increasing  vitality,  which  is  so  necessary  if  the  Institute  is  to 
take  its  proper  place  in  The  Institution  of  Mining  Engineers. 

The  balance  at  the  bank  for  the  year  1905-1900  was 
£49  0s  2d.  The  balance  at  the  bank  for  the  year  just  closed  is 
£57  7s.  10d.,  and  the  cash  in  the  Treasurer's  Uands  £1  17s.  2d. 

The  Annual  Dinner  was  held  at  Leeds  on  November  0th, 
1900 ;   and  it  was  attended  by  113  members  and  friends. 

Six  meetings  have  been  held  during  the  year,  including  a 
joint  meeting  with  the  Midland  Counties  Institution  of  Engineers. 
The  Annual  Meeting  of  1905-1900  was  held  at  Low  Moor  iron- 
works on  the  kind  invitation  of  The  Low  Moor  Company,  Limited, 
when  the  iron-works  were  inspected  and  the  members  enter- 
tained at  luncheon  by  the  firm. 

By  the  kindness  of  Mr.  W.  E.  Garfortk  the  members  had  an 
opportunity  of  inspecting  the  experimental  gallery  at  Altofts 
colliery,  and  witnessing  interesting  and  important  trials  of 
various  rescue-appliances.  A  report  of  the  trials  is  printed  in 
the  Transactions. 
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The  following-  papers  have  been  read  at  meetings  held  during 
the  year : — 

"  The  Pneumatogen  :    the  Self-generating  Rescue-apparatus,  compared  with 

Other  Types."     By  Mr.  R.  Cremer. 
"Elliott   Washer   and   Hardy   Dust-extractor   and   Grinder."      By   Mr.    E. 

Greaves. 
"  Cost  of  an  Electrical  Unit  at  a  Colliery."     By  Mr.  P.  C.  Greaves. 
"The   Use   and   Care   of   Oxygen-breathing   Apparatus."      By   Mr.    M.    H. 

Habershon. 
"The   Most   Suitable    Form   of  Guides  for  Cages  for    Winding   from   Deep 

Shafts  :  1,500  Feet  and  Deeper."     Prize  Essay.     By  Mr.  A.  J.  Kennedy. 
"The    Most    Suitable   Form   of   Guides   for   Cages  for  Winding  from    Deep 

Shafts:  1,500  Feet  and  Deeper."      Prize  Essay.      By  Mr.  W.  N.  Rout- 
ledge. 
"The  Importance  of  Scientific  Mining  in  the  Barnsley  District."     By  Mr. 

R.  Sutcliffe. 
"  Presidential  Address."     By  Mr.  J.  R.  R.  Wilson. 

The  number  of  papers  read  is  the  same  as  last  year.  They 
dealt  with  subjects  of  considerable  importance,  and  in  all  cases 
were  productive  of  valuable  discussions. 

The  Annual  Meeting  of  The  Institution  of  Mining  Engineers 
will  be  held  in  Sheffield  on  September  4th,  5th  and  6th,  1907, 
and  the  Council  appeal  to  all  members  of  the  Institute  to  assist 
in  making  the  meeting  a  success. 

The  Council  note  with  satisfaction  that  the  Transactions  are 
issued  more  expeditiously,  and  would  urge  all  members  to  sup- 
port their  efforts  in  this  matter. 

Owing  to  the  termination  of  the  Sheffield  Literary  and 
Philosophical  Society's  lease  of  the  Assay-office  Buildings,  it 
removed  to  St.  James  Chambers,  Church  Street,  Sheffield.  Satis- 
factory arrangements  were  made  for  rooms  in  the  Society's  new 
quarters,  where  the  library  is  now  established  and  is  open  for 
the  use  of  members. 

At  the  request  of  the  Committee  appointed  by  the  Home 
Office  to  report  on  the  question  of  an  Eight  Hours'  Day  for 
Miners,  your  Council  appointed  representatives  to  give  evidence. 
Mr.  W.  H.  Chambers  (Denaby)  and  Mr.  J.  Nevin  (Mirfield) 
were  selected,  and  gave  evidence  before  the  Committee. 


The  report  and  accounts  were  approved. 
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Dr.  The  Treasurer  (Mr.  L.  T.  O'Shea)  in  account  with  the  Midland 


July  1st,  1906. 

To  balance  at  bank 
,,  cash  in  Treasurer's  hands 

June  30th,  1907. 

To  subscriptions  for  1906-190/,  327  at  £1  10s. 
,,  2  subscribing  firms  at  £5 
„  3  „  „      at  £1  10s.  

,,  arrears,  1905-1906,  7  at  £1  10s.  ...         

,,  subscriptions  paid  in  advance  : 

5  at  £1  10s 

1  at  £2  2s.  

,,  sale  of  dinner-tickets    ... 
,,  wine  account 

,,  sale  of  Transaction* 

,,  bank  interest 

,,  C4reat  Northern  Railway  Company,  1  year's  divi- 
dend on  £160  4  per  cent,  perpetual  guaranteed 
stock,  less  income  tax    ... 

,,  excess  subscription 

,,  National  Association  of  Colliery  Managers  :  share 
of  expenses  of  Altofts  meeting  

,,  Mr.  M.  Hobson,  2  years'  subscriptions  to  the  North 
of  England  Institute  of  Mining  and  Mechani- 
cal Engineers 


2S     0     0 
6  11  10 


0     S     0 


4     4     0 


Examined  and  found  correct, 

JOSHUA  WORTLEY  &  SONS, 

Chartered  Accountants. 
Sheffield,  July  17th,  1907. 


£  s. 

d. 

£  s. 

d. 

46  7 

5 

2  12 

9 

49  0 

2 

490  10 

0 

10  0 

0 

4  10 

0 

505  0 
10  10 

0 

0 

7  10 

0 

2  2 

0 

9  12    0 


34  11  10 
3  S  10 
3     5    0 


10  15    2 


£626    3    0 
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June  30th,  1907. 

By  The  Institution  of  Mining  Engineers  :  — 

Call  of  19s.  on  343  members  for  1906-1907 

7  „  1905-1906 

„       20s.  2  ,,  1905-1906 


Less,  amount  overpaid 


,,    excerpts  and  author's  copies  . 

,,    exchanges 

,,    advance  copies  ... 

,,  binding  Transactions   ... 

,,  printing  and  typing 

,,  stationery 

,,  Ordnance  maps  ... 

,,  rent  of  rooms     ... 

,,  insurance 

,,  telephone 

,,  hire  of  rooms 

,,  cleaning  rooms  ... 

,,    Secretary's  salary 
,,  ,,  expenses 

„    telegrams  and  stamps  ... 

,,   annual  dinner    ... 

, ,    prize  essays 

,,    excess  subscription 

,,   removing  library 

,,    law  costs 

,,    Mr.  M.  Hobson's  subscription 

,,    indexing ...         ...         

,,    reporting 

,,    cash  in  bank 

,,   cash  in  Treasurer's  hands 


...  325 

17 
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13 
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0 

334 

Id 
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0 

334 

9 

0 

11 
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10 
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3 

8 

i:; 

3 

25 

0 

1 

o 

8 

0 

...   31 

6 

0 

0 

15 

0 

0 

3 

0 

34 

12 

0 

...   21 

10 

0 

0 

3 

0 

7 

5 

0 

3 

14 

0 

2 

16 

0 

35 

8 

0 

...   50 

0 

0 

6 

8 

8 

56 
10 

8 
19 

8 
4 

37 

14 
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...   57 
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10 
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17 
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59 
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£626 
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TRANSACTIONS. 


ELECTION  OF  OFFICERS  AND  COUNCIL,  1907-1908. 
The    Scrutineers    reported    the    result    of    the    ballot,    as 


follows 


Mr.  J.  L.  Marshall. 

Mr.  J.  E.  Chambers. 
Mr.  H.  St.  J.  Dcrnford. 
Mr.  J.  J.  Eley. 
Mr.  T.  Gill. 


President  : 
Mr.  J.  R.  R.  Wilson. 

Vice-Presidents  : 
Mr.  G.  R.  Thompson. 

Councillors  : 
Mr.  P.  C.  Greaves. 
Mr.  M.  H.  Habershon. 
Mr.  P.  W.  Hardwick. 
Mr.  I.  Hodges. 


|    Mr.  W.  Walker. 

i  Mr.  H.  Rhodes. 

Mr.  T.  Stubbs. 
J  Mr.  E.  W.  Thirkell. 
!  Mr.  J.  R.  Wilkinson. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  INSTI- 
TUTION OF  MINING  ENGINEERS,  1907-1908. 


Mr.  W.  H.  Chambers. 
Mr.  W.  E.  Garforth. 
Mr.  I.  Hodges. 


Mr.  T.  W.  H.  Mitchell. 
Mr.  J.  Nevin. 
Mr.  C  E.  Rhodes. 


Mr.  W.  Walker. 
Mr.  J.  R.  R.  Wilson. 


ALTERATION    OF    RULES. 

The  President  (Mr.  J.  R.  R.  Wilson)  proposed,  and  Mr.  W.  E. 
Garforth  seconded,  the  following-  alterations  of  rules,  which  were 
adopted : — 

6. — For  the  words  "at  Barnsley,"  read  "  at  Sheffield." 

25. — For  the  word  "  twenty,"  read  "  thirty." 

26. — Owners  of  collieries  and  emplojers  of  labour  may  subscribe  annually  to 
the  funds  of  the  Institute,  and  each  such  subscriber  of  £1  10s.  annually  shall  be 
entitled  to  a  ticket  to  admit  two  persons  to  the  rooms,  library,  meetings,  lectures 
and  public  proceedings  of  the  Institute  ;  and  each  such  subscriber  shall  be  entitled 
to  have  a  copy  of  the  Proceedings  of  the  Institute  sent  to  him. 


Mr.  W.  Routledge  read  the  following  paper  on 
ropes  and  Capels  "  :  — 


"  Windine:- 
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YTLXDIXG-BOPES  AXD   CAPELS. 


By  W.  ROUTLEDGE. 


The  writer  lias  under  his  charge  two  winding-ropes,  Lang- 
lay,  6|  inches  in  circumference,  having,  according  to  the  makers, 
a  breaking  strain  of  200  tons.  Many  tests  have  shown  that  the 
breaking-strain,  as  given  by  rope-makers,  is  not  always  realized, 
and  that  an  allowance  should  be  made.  The  working  load  of  the 
above-mentioned  ropes  is  18  tons,  under  the  capels. 

The  class  of  capel  formerly  used  is  shown  in  figs.  1  and  2 
(plate  iii.).  It  was  formed  with  a  recess,  10  inches  long, 
and  the  wires  were  turned  back,  and  five  hoops  driven  on  in 
the  usual  manner.  Xo.  1  experiment  (Table  I.)  shows  the  results 
of  tests  made  on  this  capel  and  rope.  This  experiment,  record- 
ing surprizing  results,  proved  that  the  margin  of  safety  was  by 
no  means  great. 

The  writer  then  designed  the  cone  capel  shown  in  figs.  3  and 
4  (plate  iii.).  It  is  a  solid  forging  of  Low  Moor  iron;  the 
bore,  2  feet  long,  tapers  from  5  inches  in  diameter  at  the  larger 
end,  to  2jt  inches  at  the  smaller.  It  is  fitted  with  a  Low 
Moor  iron  pin  and  roller  or  bobbin  to  carry  the  shackle 
of  the  detaching  hook.  The  white-metal  filling  has  the  follow- 
ing percentage  composition  :  Tin,  60 ;  lead,  30  ;  antimony,  9 ; 
and  bismuth,  1.  Xo.  2  experiment  (Table  I.)  gives  the  results 
of  tests  made  on  a  rope,  G|  inches  in  circumference  and  with  a 
breaking  strain  of  200  tons,  fitted  with  this  capel.  The  writer 
attributes  the  low  breaking  strain  obtained  to  the  impossibility 
of  maintaining  the  twist  and  lay  of  the  rope,  as  would  be  the 
case  in  a  piece  of  considerable  length. 

In  order  to  ascertain  what  effect  the  heating  of  the  wires  by 
contact  with  the  molten  metal  had  upon  their  strength,  it  was 
decided  to  test  28  wires  which  had  been  subjected  to  heating 
against  28  wires,  taken  from  the  same  rope,  which  had  not  been 
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in  contact  with  molten  metal.  Tlie  results  of  these  tests, 
detailed  in  Table  II.,  show  that  the  heat,  to  which  the  wires 
had  been  exposed,  had  little  or  no  effect  upon  their  strength. 

Table  II. — Tests  of  Wires  from  a  New  Wixdixg-rope  axd  from  the 
Inside  of  a  Coxe-capel. 


(><)  Wins  from  a  New 

(?/)  Wires  from  the  in- 

(■') Wires  f 

•om  a  New 

(6)  Wires  from  the  in- 

No. 
of 

Test. 

Winding-rope. 

side  of  a  Cone-capel. 

No. 

of 

Test. 

Windii 

g-rope. 

side  of  a  Cone-capel. 

Breaking 

Diameter 

Breaking 

Diameter 

Breaking 

Diameter 

Breaking 

Diameter 

Strain. 

Strain. 

of  Wires. 

Strain. 

of  Wires. 

Strain. 

Of  Wires. 

Pounds. 

Inch. 

Pounds. 

Inch. 

Pounds. 

Pounds. 

Inch 

1 

4,011 

0 

1-10 

4.200 

0-140 

15 

4.005 

0-140 

4,137 

0-140 

2 

3,780 

o 

139 

3,948 

0-139 

16 

3.906 

0-139 

4,158 

0  140 

3 

3,969 

0 

140 

3,906 

0-139 

17 

3,948 

0-139 

3,990 

0-140 

4 

4,095 

0 

140 

3,990 

0140 

18 

3,192 

0136 

3,927 

0139 

5 

3,864 

o 

139 

3,885 

0-139 

19 

3,990 

0-139 

3,885 

0-139 

6 

3,948 

0 

139 

3,864 

0-139 

20 

4.221 

0  140 

3,864 

0-139 

" 

3,990 

0 

140 

4,053 

0-139 

21 

3,!I4S 

0-139 

4,053 

0-140 

8 

4,074 

0 

140 

4.074 

0140 

22 

4,116 

0-140 

4,158 

0-140 

9 

3,906 

0 

139 

3,864 

0-139 

23 

4,158 

0-140 

3,885 

0139 

10 

3,99) 

0 

139 

4,011 

0-139 

24 

4,032 

0-140 

3,990 

0-139 

11 

3.940 

0 

140 

3,990 

0-140 

25 

4,074 

0-140 

4.032 

0-140 

12 

4,053 

0 

140 

4,011 

0-140 

26 

4,158 

0-140 

4.074 

0139 

13 

3,099 

0 

140 

3,885 

0139 

27 

4,158 

0-140 

4,053 

0-140 

14 

3,927 

0-139 

3,94S 

0-140 

28 

3,927 

0-139 

4,158 

0-140 

The  first  cone  capel  (figs.  3  and  4,  plate  iii.)  used  for  winding- 
was  fitted  to  a  rope  which  had  been  in  active  service  for 
20  months.  This  was  a  Lang-lay  rope,  6'60  inches  in  cir- 
cumference, composed  of  wires  drawn  to  a  breaking  strain  of 
110  tons  per  square  inch,  the  number  and  diameters  of  the  wires 
being  as  follows:  72  wires,  each  0'141  inch  in  diameter;  48 
wires,  each  0-113  inch  in  diameter;  and  42  wires,  each  0*064 
inch  in  diameter.  After  three  months'  work,  severe  twisting 
was  noticed  in  the  neck  of  the  capel,  and  on  close  examination 
a  whole  strand  was  found  to  be  broken  at  that  point.  The  rope 
was  then  re-capped  in  a  similar  manner;  but,  after  three  months' 
further  wear,  severe  twisting  was  again  observed,  and  the  rope 
was  then  removed  and  replaced  by  a  new  one. 

Two  theories  are  suggested  as  the  cause  of  these  failures:  — 
(1)  They  might  be  due  to  the  molten  metal  softening  the  wires  ; 
or  1 2)  to  fatigue  of  the  wires,  at  the  neck  of  the  capel,  set  up 
by  the  bending  movement  at  that  point,  arising  from  the  sway- 
ing of  the  rope,  which  occurs  during  winding,  the  wires  having 
become  hard  from  being  in  use  for  so  long  a  time.  The  writer 
is  of  opinion  that  steel-wires  in  winding-ropes  do  become  harder, 
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as  the  rope  is  used,  especially  in  downcast-shafts.  Considerable 
heat  is  generated  by  friction  during  winding;  and,  after  wind- 
ing ceases  for  the  day,  the  temperature  is  reduced,  especially 
during  frosty  or  rainy  weather.  In  upcast-shafts,  the  ropes 
assume  the  temperature  of  the  shaft,  which  may  range  from 
50°  to  100°  Fahr.  Further,  when  the  winding-engine  is  not  in 
use,  certain  portions  of  the  ropes  are  exposed  to  varying  tempera- 
tures, which  must  considerably  affect  the  wires. 

In  the  course  of  manufacture,  a  round  winding-rope,  in  its 
passage  from  the  laying  machine  to  the  reel  upon  which  it  is 
wound,'  receives  a  large  amount  of  what  may  be  termed  un- 
natural twist.  The  question  arises  as  to  whether  this  twist 
should  be  released  when  a  new  rope  is  put  into  use  for  winding, 
or  does  the  release  of  this  twist  in  any  way  shorten  the  life  of 
the  rope?  In  many  cases,  it  is  essential  to  take  out  the  twist 
in  order  to  avoid  serious  damage  to  conductors  and  cages.  Some 
rope-makers  advise  that  the  twist  should  be  removed  gradually. 
and  suggest  that  it  should  be  let  out  at  the  pit-bottom.  The 
general  practice  is  to  let  out  of  the  rope  as  much  unnatural 
twist  as  possible  and  to  continue  this  during  the  whole  life  of 
the  rope.  The  writer  has  known  a  rope  to  lengthen  from  10 
to  15  feet  by  taking  out  the  twist  at  one  operation,  without  any 
detrimental  results. 

Nos.  3  and  4  experiments  (Table  I.)  record  the  results  of 
tests  of  lengths  cut  from  old  winding-ropes  which  had  been  in 
use  for  2  years. 

Figs.  5  and  6  (plate  iii.)  are  a  plan  and  elevation  of  a  bridle 
for  connecting  the  cage-chains  to  the  capel.  This  bridle  is 
'made  of  a  bar  of  Farnley  iron,  3  inches  square,  turned  into  the 
requisite  shape,  and  welded  at  the  bottom-side.  In  this  way. 
the  grain  of  the  iron  is  continuous,  and  a  strain  exerted  in  a  in- 
direction cannot  pull  in  the  same  direction  as  the  grain  of  the 
iron. 


Mr.  W.  Walker  (H.aI.  Inspector  of  Mines)  asked  what 
method  was  used  in  fitting  the  rope  into  the  capel  with  molten 
metal.  With  regard  to  the  theory  that  molten  metal  might  affect 
the  temper  of  the  wires,  the  results  recorded  in  Table  II.  showed 
the  opposite.     Referring  to  the  constitution  of  the  white-metal 
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filling,  he  (Mr.  Walker)  stated  that  lead  fused  at  a  temperature 
of  617°  Fahr.,  bismuth  at  507°  Fahr.,  tin  at  442°  Fahr.  and 
antimony  at  797°  Fahr. ;  but  a  mixture  of  two  parts  of  bismuth 
and  one  part  of  tin  fused  at  about  212°  Fahr.  If,  therefore,  the 
addition  of  bismuth  lowered  the  melting  point,  the  temperature 
of  the  alloy  in  the  capel  must  be  below  797°  Fahr.  Galvanized 
winding-ropes  were  used,  and  he  (Mr.  Walker)  understood  from 
the  makers  of  such  ropes  that  the  temperature  required  to  galvan- 
ize successfully  the  wires  was  more  than  800°  Fahr.,  and  fre- 
quently exceeded  1,000°  Fahr. ;  and  if  this  were  the  ease,  it  could 
hardly  be  said  that  the  molten  metal  affected  the  temper  of  the 
wires. 

He  (Mr.  Walker)  also  asKed  whether  the  writer  had  ascer- 
tained if  the  solid  capel  was  completely  filled  with  metal.  In  some 
instances,  clay  was  used  to  prevent  the  molten  metal  from  run- 
ning through;  and,  when  it  was  taken  out,  an  edge  was  left  on  the 
top  of  the  capel  over  which  the  wires  were  continually  bending. 
Another  point  was,  that  in  taking  out  the  hempen  core  of  a  rope 
it  was  necessary  to  see  that  the  wires  of  the  strand  were  closed  and 
properly  treated ;  otherwise  a  hollow  space  was  left  in  the  interior 
of  the  strands. 

Mr.  H.  Ingold  said,  with  regard  to  the  second  test,  that  it 
would  be  interesting  to  know  whether  the  rope  had  been  tested 
and  with  what  result,  and  what  length  of  capel  was  used  at  the 
other  end.  He  imagined,  if  the  rope  was  tested  at  a  testing- 
works,  that  the  length  of  the  capel,  at  the  other  side,  would  be  7 
inches.  He  had  tested  many  hundreds  of  ropes,  and  in  no  case 
did  the  length  of  the  capel  exceed  5£  inches.  For  winding,  it 
was  necessary  to  give  an  ample  margin  of  safety,  and  he  recom- 
mended that  the  barrel  of  the  capel  should  be  15  inches  long  with 
a  rope  lh  inches  in  diameter,  and  24  inches  long  for  ropes  ex- 
ceeding lij  inches  in  diameter. 

Mr.  R.  Routledge  held  the  same  opinion  as  Mr.  Walker,  and 
did  not  think  that  the  molten  metal  would  damage  the  wires  of 
the  rope.  Solid  capels  were  not  new  to  him.  He  returned  from 
America  in  December,  1873,  and  solid  or  bell  capels  were  then  in 
use  at  the  pits  under  his  charge.  At  one  pit,  the  same  winding- 
ropes  with  solid  capels  had  been  used  for  six  years  previous  to  his 
taking  charge,  and  were  still  doing  duty  when  he  left  two  years 
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later.  Since  his  return  to  England,  he  had  used  solid  capels  con- 
tinuously for  haulage-ropes.  In  his  experience,  if  a  solid  capel 
were  put  on  properly,  it  might  burst,  but  the  rope  could  not  be 
drawn  through  it. 

Mr.  Isaac  Hodges  said  that  he  would  like  to  say  a  few  words 
for  the  old  form  of  hooped  capel.  After  reading  Mr.  T.  W.  H. 
Mitchell's  paper*  some  time  ago,  giving  remarkably  low  figures 
for  the  efficiency  of  hooped  capels,  he  (Mr.  Hodges)  decided  to 
test  the  margin  of  safety  at  the  end  of  the  life  of  the  winding- 
rope,  when  the  margin  would  naturally  be  the  least ;  and  to  that 
end  a  length  of  worn-out  winding-rope,  6  inches  in  circumference, 
with  a  6  months'  old  capel  attached,  was  taken  to  Leeds  University 
for  a  test.  He  thought  that  such  a  test  of  a  discarded  winding-rope 
and  capel  was  more  nearly  what  colliery  managers  desired,  rather 
than  a  new  winding-rope  with  a  capel  specially  attached  for  the 
purpose  of  the  test.  This  winding-rope,  when  new,  had  a  guar- 
anteed breaking  strain  of  138  tons ;  and,  bearing  in  mind  Mr. 
Mitchell's  figures,  he  supposed  that  after  a  life  of  upwards  of 
three  years  it  would  have  broken  at  less  than  100  tons,  and  that 
the  old  capel  would  have  been  pulled  off  at  much  below  that 
strain.  He  was  glad  to  report  that  the  rope  stood  a  strain  of  100 
tons  without  breaking  and  that  the  old  capel  remained  quite 
secure ;  it  was  the  new  white-metal  capel  put  on  the  other  end 
of  the  rope,  for  the  purpose  of  the  test,  that  failed.  In  report- 
ing on  the  failure,  Prof.  John  Goodman  stated  that  "  this  points 
to  the  fact  that  the  white-metal  end,  on  the  first  sample  of  rope, 
was  unskilfully  prepared,  which  was  due  to  the  fact  that  the  man 
who  prepared  the  end  bent  all  the  outer  wires  at  a  sharp  angle 
during  the  cleaning  process."  In  a  second  test,  the  rope,  the 
hooped  capel,  and  the  white-metal  capel  stood  a  strain  of  100 
tons  (the  highest  strain  that  could  be  applied  by  the  testing- 
machine  at  Leeds  University)  without  a  sign  of  failure.  There 
are  some  points  about  the  hooped  form  of  capel  which  were 
preferable  to  the  white-metal  capel,  as  the  hooped  capel  might 
sustain  a  shock,  causing  considerable  slip,  that  would  be  quite 
obvious  to  any  examination;  it  would  still,  however,  leave  that 
form  of  capel  of  undiminished  strength,  whereas  the  white-metal 
capel  showed  no  signs  of  distress  before  giving  way.     He  was 

*  "Notes  on  Capels  for  Winding-ropes,"  by  Mr.  T.  W.  H.  Mitchell,  Trans. 
Inst.  M.  E.,  1905,  vol.  xxix.,  page  173  ;  and  1905,  vol.  xxx.,  page  239. 
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also  of  opinion  that  white-metal  cupels,  to  be  efficient,  must  be 
applied  very  carefully  and  only  by  experienced  men. 

It  was  stated  by  Mr.  Routledge  that  the  breaking  strain  of 
the  winding-rope,  6|  inches  in  diameter,  was  200  tons;  but  he 
should  like  to  know  how  this  figure  was  arrived  at,  as  he 
thought  that  it  was  far  in  excess  of  the  breaking  strain  of  the 
highest  class  of  rope  from  the  best  makers.  He  was  compelled 
to  think  that  the  breaking  strain  given  was  calculated  from  the 
aggregate  breaking  strain  of  all  the  wires;  but  it  could  never 
be  that  the  whole  of  the  wires  in  one  rope  would  bear  exactly 
a  proportionate  strain,  and  that  they  would  all  break  at  the  same 
instant.  He  had  found  it  a  good  rule  to  deduct  15  per  cent,  from 
such  a  calculated  strength,  and,  in  the  examples  given  by  the 
writer,  it  would  mean  a  breaking  strain  of  about  170  tons,  which 
more  nearly  approached  the  actual  breaking  strain  that  the 
rope  had  given  during  the  tests.  He  thought  it  was  highly  desir- 
able, when  colliery  managers  were  speaking  of  the  strengths  of 
winding-ropes,  that  they  should  mean  a  strength  which  might 
reasonably  be  expected  to  be  obtained  in  a  practical  test,  rather 
than  a  strength  that  only  existed  on  paper.  To  illustrate  that 
point,  he  might  instance,  as  compared  with  the  breaking  strain 
of  200  tons  for  the  ropes,  (ih  inches  in  diameter,  mentioned  by 
Mr.  Routledge,  that  ropes,  6h  inches  in  diameter,  supplied 
by  wellknown  makers  to  the  largest  pit  of  the  Whitwood  col- 
lieries, comprizing  six  strands  of  19  wires  of  ISTo.  dh  gauge,  with 
a  breaking  strain  of  120  tons  per  square  inch,  had  a  calculated 
breaking  strain  of  193  tons,  but  they  were  guaranteed  and  spoken 
of  as  having  a  breaking  strain  of  1G4  tons. 

Mr.  W.  T.  Cheesmax  agreed  with  Mr.  Hodges  as  regarded  the 
breaking  strain,  for  he  considered  that  it  was  misleading-  to  quote 
the  aggregate  breaking  strain  of  the  wires ;  as  an  allowance 
should  be  made  of  5  to  50  per  cent.,  according  to  the  construc- 
tion of  the  rope.  In  the  ropes  quoted,  there  should  be  an  allow- 
ance of  15  per  cent. 

Mr.  M.  H.  Habershox  said  that,  in  the  discussion  on  Mr. 
Mitchell's  paper,  he  had  mentioned  a  method  of  capelling  a  wind- 
ing-rope in  the  old  way,  but  without  turning  the  wires  back.* 
The  hempen  core  was  cut  away  for  a  length  of  3  or  4  feet ;   the 

*  Trans.  Inst.  M.  E.,  1905,  vol.  xxx.,  page  244. 
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strands  were  replaced  in  position,  around  an  iron  plug  or  cone; 
and  the  intervening  spaces  were  rilled  by  inserting  separate,  short 
pieces  of  strands.  The  solid  cone,  thus  obtained,  was  tightly 
wrapped  with  binding  wire,  and  then  placed  inside  an  ordinary 
capel.  He  believed  that  this  method  of  capelling  had  been  used  at 
some  of  the  large  collieries  in  South  Wales.  A  capel,  made  in 
this  way  and  tested  at  the  Sheffield  testing-works,  had  been 
found  stronger  than  the  rope.  He  thought  that  it  was  a  mistake 
to  turn  back  any  wires,  as  in  the  ordinary  form  of  capelling. 

Prof.  G.  E.  Tiiomf-sox  said  that  the  example  quoted  by  Mr. 
Isaac  Hodges  must  Tiot  be  taken  as  proving  the  failure  of  the 
system  of  capping  with  white  metal.  Mr.  H.  Ingold  had  pointed 
out  the  wide  margin  of  safety  in  the  capping  described  by  Mr. 
Routledge,  stating  that  in  testing  such  a  rope  a  length  of  only 
7  inches  of  white  metal  would  be  used,  against  the  length  of  IT 
inches  provided  by  Mr.  Routledge.  The  recorded  failure  should 
be  taken  as  indicating  the  lowest  margin  to  which  the  length 
of  white  metal  could  be  reduced,  the  length  in  that  case  being 
little  more  than  4  inches.  It  should  be  understood  that  the 
testing  cones  were  designed  for  much  smaller  ropes,  and  that 
the  effective  length  of  the  socket  had  been  reduced  so  as  to  enable 
larger  ropes  to  be  tested,  indeed  the  rope  mentioned  by  Mr. 
Hodges  was  far  beyond  the  testing-power  of  the  machine  (100 
tons).  Even  under  these  conditions,  the  white-metal  capping 
yielding  70  per  cent,  of  efficiency  compared  favourably  with  the 
ordinary  forms. 

Mr.  W.  Routledge,  replying  to  the  discussion,  said  that  the 
.  winding-rope,  referred  to  by  Mr.  W.  Walker,  was  wrapped  with 
soft  binding  wire  for  a  length  of  4  to  (i  inches,  at  the  neck  of  the 
capel,  and  a  pair  of  tight-fitting'  clams  were  fixed  to  the  wires 
to  stop  the  rope  from  unlaying.  The  wires,  when  opened  out, 
were  thoroughly  cleaned  with  emery-paper,  and  the  capel  was 
placed  in  position  about  6  feet  from  the  ground,  in  order  that 
the  rope  should  not  be  too  suddenly  bent.  The  capel  was  then 
filled  completely  with  white  metal:  powdered  resin  being  used 
as  a  flux.  In  the  second  test  (Table  I.),  the  rope,  100  inches 
long,  was  fitted  with  a  cone  capel  2  feet  long  on  one  end  and  9 
inches  long  on  the  other. 
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No  one  had  discussed  the  questions  (1)  whether  the  natural 
twist  in  a  new  rope  should  be  liberated  when  the  rope  was  fitted 
in  the  shaft,  and  (2)  whether  it  in  any  way  shortened  the  life  of 
the  winding-rope.  He  would  be  very  pleased  to  hear  the  opinions 
of  members  on  these  points. 


DISCUSSION  OF  MR.  0.  SIMONIS'  PAPER  ON  "  LIQUID 
AIR  AND  ITS  USE  IN  RESCUE-APPARATUS."* 

Mr.  W.  E.  Gtarforth  said  that  the  members  were  much 
indebted  to  Mr.  H.  Simonis  for  the  exhibition  of  the  aerolith,  and 
for  the  lucid  explanation  that  he  had  given  of  the  apparatus.  The 
question  of  rescue-work  in  mines  was  most  important ;  and  the 
members  would  be  pleased  to  give  Mr.  Simonis  the  benefit  of 
their  practical  experience  as  to  how  the  apparatus  could  be 
adapted  to  underground  roads,  as  he  was  personally  prepared  to  do. 
He  had  received  an  aerolith  apparatus,  and  after  it  had  been  tried 
in  the  test-gallery  he  would  report  the  results  to  the  members.  He 
asked  Mr.  Simonis  whether  he  had  any  experience  as  to  the  effect 
of  the  cold  air  on  the  wearer  of  the  apparatus,  who  might  become 
very  hot  whilst  working,  say,  at  a  gob-fire.  He  noticed  that  part 
of  the  vitiated  air  returned  through  a  short  length  of  pipe  and 
to  that  extent  was,  therefore,  in  contact  with  the  main  supply 
of  good  air.  It  struck  him  that  the  vitiated  air  might  accumu- 
late in  some  way,  and  have  a  deleterious  effect  upon  the  wearer. 
He  might  mention  that,  three  or  four  years  ago,  an  underground 
fire  occurred  at  a  Lancashire  colliery;  and,  in  extinguishing  it, 
he  and  others  worked  in  a  temperature  of  157°  Fahr.  If  this 
apparatus  were  used  under  such  conditions,  would  not  the 
evaporation  of  liquid  air  take  place  at  a  greater  rate  than  the 
wearer's  requirements  ?  And  supposing  that  during  exploration- 
work  in  a  heated  roadway,  the  explorers  had  to  wait  for,  say,  an 
hour  owing  to  the  roof  falling,  would  there  be  sufficient  air  to 
return  to  the  shaft  ? 

Mr.  H.  Simoxis  said  that  men  had  worn  the  apparatus  in  the 
presence  of  doctors,  who  had  taken  measurements  of  pulse  and 
respiration,  and  they  had  not  found  that  the  wearers  had  suffered 

*  Tran*.  Inst.  M.  E.,  1906,  vol.  xxxii. ,  page  534;  and  1907,  vol.  xxxiii  , 
pages  2  and  170. 
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any  ill  effects  from  breathing  the  air,  which  had  acquired  suffi- 
cient heat  as  it  passed  through  the  tubes.  The  apparatus  had 
no  ill  effect  whatever  for  a  period  of  2  or  3  hours,  in  fact,  he 
maintained  that  a  man  could,  under  ordinaiy  conditions,  do 
better  work,  breathing  from  this  apparatus  than  breathing 
normally,  because  of  the  greater  percentage  of  oxygen  in  the 
evaporated  air.  The  apparatus  was  primarily  constructed  for 
use  at  mine-fires  and  the  influence  of  large  variations  of  tempera- 
ture on  the  liquid  air  was  counteracted  by  the  complete  isolation 
of  the  liquid-air  receptacle.  The  aerolith  had  been  used  by  the 
London  Fire  Brigade  on  several  occasions;  and  in  a  cellar-fire, 
where  the  firemen  had  to  creep  to  get  at  the  fire,  it  wurked  very 
well. 

The  discussion  was  adjourned. 
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MIDLAND  INSTITUTE  OF  MINING,   CIVIL  AND 
MECHANICAL    ENGINEERS. 


GENERAL  MEETING, 
Held  in  the  Central  Hall,  Doncaster,  November  27th,  1907. 


Mr.  J.  R.  R.  WILSON,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


The  following  gentlemen,  having  been  previously  nominated, 
were  elected :  — 

Members — 
Mr.  Samuel    S.    Atkins,    Colliery    Manager,    Treeton    Collieries,    Treeton, 

Rotherham. 
Mr.  William    Stevenson    Blackburn,    Colliery   Manager,    Allerton    Main 

Colliery,  Woodlesford,  near  Leeds. 
Mr.  John  Richard  Farrer,  Mining  Engineer,  Ledstone  Mill,  near  Castleford. 
Mr.  Henry  Johnson,  Assistant  Manager,  Whitwood  Collieries,  Normanton. 
Mr.  Gerald    A.    Ogilvie,    Mechanical    Engineer,    co    Messrs.    Percheron, 

Ogilvie  &  Company,  Engineers,  173,  City  Road,  London,  E.C. 
Mr.  George    Albert    Roberts,    Civil     Engineer,     37,    Richmond     Mount, 

Headingley,  Leeds. 
Mr.  Hugh  Fenkman  Smithson,  Mining  Engineer,  New  Silkstoue  and  Haigh 

Moor  Collieries,  Allerton  Bywater,  Castleford. 
Mr.  Reginald   Barratt   Wood,    Mining    Engineer,    Wharncliffe  Chambers, 

Bank  Street,  Sheffield. 

Associate  Members — 
Mr.  George  Chrisp,  Analytical  Chemist,  Dalton  Main  Bye-product  Coking 

Plant,  12,  Silverwood  Terrace,  Thrybergh,  near  Rotherham. 
Mr.  R.    J.    Evans,    Managing   Director   of  Colliery  Company,  Dalton  Main 

Collieries,  Rotherham. 
Mr.  Frederick  Henry  Ingle,  Administrator-General,  Neuquen  Proprietary 

Gold-mines,  Chos-Malal,  Territorio  Nacional  del  Neucpaen,  Argentina. 
Mr.  G.  Livingstone,  Engineer,  Fern  Bank,  Conisclitfe  Road,  Darlington. 
Mr.  Eustace  Milne  Milne,    Mechanical   Engineer,    Calderley   House,    near 

Leeds. 
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Major  J.  Reginald  Shaw,  Colliery  Proprietor,  Purston  Hall,  Pontefract. 
Mr.  W.    H.    Yardley,    General    Manager,    Messrs.    Princeps   &    Company, 
Sheffield. 

Students — 
Mr.  Tom  Brown,  Mining  Student,  506,  Dulesgate,  Todmorden. 
Mr.  Harold  Newton  Earl,  Mining  Student,  Wales  Vicarage,  near  Sheffield. 


THE  LATE  MR.  M.  WALTON  BROWN. 

The  President  (Mr.  J.  R.  R,  "Wilson)  said  that  The  Insti- 
tution of  Mining1  Engineers  had  lost  it«  Secretary,  Mr.  M. 
Walton  Brown  having  died  very  suddenly  on  November  22nd. 
There  was  no  question  that  Mr.  Brown  had  been  a  most  efficient 
Secretary.  He  was  a  very  able  man,  a  reader,  a  very  thoughtful 
man,  and  a  hard  worker.  Sometimes  they  might  have  clashed 
in  their  opinions,  but  they  were  always  ready  to  admit  that  he 
had  weight  on  his  side  in  whatever  he  did.  Though  they  might 
not  agree  with  him,  they  were  always  convinced  that  he  was 
perfectly  satisfied  in  his  own  mind  that,  in  doing  what  he  did, 
he  was  doing  the  right  thing.  The  Council  had  passed  the 
following  resolutions,  which  he  asked  the  meeting  to  support:  — 

(1)  "  That  the  Council  of  the  Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers  desires  to  place  on  record  its  deep  sense  of  the  loss  that 
The  Institution  of  Mining  Engineers  has  sustained  by  the  sudden  death  of  Mr. 
Martin  Walton  Brown,  who,  with  characteristic  zeal  and  ability,  has  for  many 
years  so  efficiently  occupied  the  position  of  Secretary." 

(2)  "  That  the  Council  desires  to  express  its  deep  sympathy  with  the  family 
of  the  late  Mr.  M.  Walton  Brown  in  the  loss  that  they  have  sustained  by  his 
sudden  death." 

Both  resolutions  were  unanimously  confirmed,  the  members 
rising  in  silence  in  token  of  assent. 


APPOINTMENT  OF  MR.  J.  R.  ROBINSON  WILSON  AS 
H.  M.  CHIEF  INSPECTOR  OF  MINES  FOR  INDIA. 

Mr.  W.  H.  Chambers  (Conisborough)  moved  the  following 
resolution  :  — 

"  That  the  members  of  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers  desire  to  offer  hearty  congratulations  to  their  President,  Mr.  J.  R. 
Robinson  Wilson,  on  his  appointment  as  H.M.  Chief  Inspector  of  Mines  for  India, 
and  to  place  on  record  their  high  appreciation  of  the  valuable  services  which 
he  has  rendered  to  the  Institute." 
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Mr.  Chambers  said  that  he  was  sure  every  member  would  agree 
most  sincerely  with  everything  that  the  resolution  contained. 
They  knew  the  very  active  interest  which  Mr.  Wilson  had,  for 
many  years,  taken  in  the  welfare  of  the  Institute,  and  his  election 
to  the  Presidential  chair  was  almost  a  compulsory  recognition  on 
their  part  of  the  work  that  he  had  done.  Xow  they  all  felt  ex- 
ceedingly glad  that  they  offered  that  recognition  when  they  did. 
"Whilst  they  would  feel  Mr.  Wilson's  absence,  they  were  quite 
sincere  in  their  congratulations.  The  Institute,  as  a  body,  wished 
Mr.  Wilson  health  and  strength  to  carry  on  his  work  in  the  effi- 
cient manner  in  which  they  knew  he  would  perform  it.  provided 
that  he  had  that  health  and  strength.  In  addition  to  what  Mr.  Wil- 
son had  done  for  the  Institute,  they,  as  practical  managers  of 
mines,  knew  that  he  had  exercised  very  eminent  ability  in  assisting 
what,  after  all,  was  one  of  the  Institute's  chief  objects,  the  preser- 
vation of  life  and  property  in  mines.  He  had  great  pleasure  in 
moving  the  resolution. 

Mr.  P.  C.  Greaves  (Wakefield),  in  seconding  the  resolution, 
claimed  that  Mr.  Wilson's  appointment  was  a  matter  of 
congratulation  to  Yorkshire,  for  he  was  practically  a  Yorkshire- 
man.  During  the  fifteen  years  that  he  had  been  in  the  county  he 
had  met  them  all,  and  had  not  made  a  single  enemy.  If  there  had 
been  a  difficulty,  he  had  always  helped  them  out  of  it ;  and  he 
had  been  most  courteous  at  all  times.  During  the  time  that  Mr. 
AYilson  had  been  President,  their  membership  had  increased 
wonderfully,  and  he  could  only  ascribe  the  increase  to  the  advice 
which  Mr.  Wilson  had  at  all  times  given — that  it  would  be  to  the 
welfare  of  Yorkshire  if  every  colliery  manager  were  connected 
with  the  Institute. 

The  resolution  was  carried  amid  applause. 

The  President  (Mr.  J.  E.  Pi.  Wilson)  thanked  the  members 
for  the  way  in  which  the  resolution  had  been  received.  He  had 
considered  it  a  great  honour  to  be  President  of  that  Institute, 
and  an  honour  also  to  be  an  inspector  in  Yorkshire.  Under 
ordinary  circumstances  his  term  of  office  would  not  expire  until 
June  next,  but  the  Council  had  nominated  Mr.  W.  Walker.  H.M. 
Inspector  of  Mines,  to  fill  the  vacancy  which  his  (Mr.  Wilson's) 
removal  would  create.     That  recommendation  would  have  to  be 
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confirmed  by  that  meeting.  On  behalf  of  the  Council,  he  sub- 
mitted Mr.  Walker's  name  for  election  as  President  during  the 
remainder  of  the  current  year. 

The  recommendation  was  unanimously  confirmed  by  the 
meeting. 

Mr.  W.  Walker  (H.M.  Inspector  of  Mines,  Doncaster) 
thanked  the  meeting  for  having  elected  him  President  in  Mr. 
Wilson's  place.  He  asked  to  be  allowed  to  join  in  all  that  had 
been  said  respecting  Mr.  Wilson,  who  had  always  been  a  loyal 
supporter  and  a  good  friend. 


Mr.  W.  Walker  read  the  following  "  Xotes  on  Two  Incidents 
with  Explosives  at  the  West  Riding  Collieries,  near  Xorman- 
ton  " :  — 
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NOTES   OX   TWO   INCIDENTS   WITH   EXPLOSIVES   AT 
THE  WEST  RIDING-  COLLIEEIES,  NEAR  NORMANTON. 


By  W.  WALKER. 


Incidents. — Two  instances  of  charges  of  Nobel  carbonite, 
which  it  was  attempted  to  fire  with  Orion  (No.  6)  detonators, 
being-  ignited  instead  of  detonated,  occurred  at  the  West  Riding 
collieries  on  June  20th  and  -Inly  10th,  1907.  Such  occurrences 
are,  so  far  as  the  writer  is  aware,  fortunately  rare  ;  and  the 
results  which  may  arise  from  them  are  of  such  importance  that 
he  thinks  a  description  of  them  may  be  of  interest  to>  the  members, 
and  lead  to  a  discussion  which  will  give  them  the  benefit  of  the 
experiences  of  other  users  of  explosives  of  a  simliar  character, 
and  at  the  same  time  suggest  the  best,  means  to  be  adopted  for 
the  prevention  of  such  accidents  in  the  future. 

Nobel  carbonite  is  manufactured  by  Nobel's  Explosives  Com- 
pany, Limited,  and,  to  comply  with  the  Explosives  in  Coal-mines 
Order,  must  consist  of  the  following  mixture  :  — 


Parts  by  Weight. 

Xot  more  than 

Xot  less  than 

Nitro-glycerine             ...         ...         ...         ...                27  0 

Nitrate  of  barium        ...         ...         ...         ...                  4-5 

Nitrate  of  potassium  ...         ...         ...          ...                32 -0 

Wood-meal        ...         ...          ...         ...          ...                42*0 

Sulphuretted  benzol    ...          ...          ...          ...                   0'5 

Carbonate  of  sodium     \                                                     „_ 

j  Carbonate  of  calcium  J 

1 

25-0 

3-5 

28-0 

39-0 

The  wood-meal  must  contain  not  more  than  20  per  cent.,  and  not 
less  than  10  per  cent,  by  weight  of  moisture. 

The  Orion  detonators  were  supplied  by  the  Roburite  Explo- 
sives Company,  Limited,  of  Gathurst,  near  Wigan.  This 
detonator  consists  of  two  parts :  an  upper  one  of  cardboard, 
fitted  to  the  outside  of  a  lower  one  of  copper,  and  attached  to  it 
by  means  of  cement.     The  fuze-head   containing  the   flashing- 
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powder  is  fixed  in  the  upper  portion,  and  the  fulminate  of  mer- 
cury in  the  latter.  The  construction  of  these  detonators  is 
shown  in  fig.  1  (plate  v.):  a  represents  the  copper-capsule;  b, 
the  cardboard-cap ;  c,  the  sulphur  sealing ;  cl,  metal  strips 
soldered  to  the  ends  of  the  wires,  which  are  kept  the  correct  dis- 
tance apart  by  a  piece  of  paper  ;  e,  the  priming  compound  ;  and 
f,  the  fulminate  of  mercury. 

(1). — The  first  incident  occurred  in  the  Diamond  se-am  on  a 
horse  haulage-road.  A  vertical  hole,  ah,  If  inches  in  diameter 
and  16|  inches  long,  bored  in  the  roof  to  remove  a  piece  of  stone 
at  the  side  of  the  road  (fig.  2,  plate  v.),  was  charged  with.  2 
ounces  of  carbonite,  a ;  the  detonator  was  placed  at  the  top-end 
of  the  charge ;  and  the  wires  were  fastened  to  it  by  a  half-hitch 
round  it  (fig.  3,  plate  v.).  The  hole  was  stemmed  with.  12  inches 
of  its  own  borings.  An  attempt,  was  then  made  to  fire  the  shot 
by  a  high-tension  magneto-batteiy,  but  instead  of  the  stone  being 
displaced,  the  stemming  was  blown  out,  and  the  explosive  fell  on 
the  floor  and  burned  with  a  rose-coloured  flame.  Upon  examina- 
tion, some  of  the  paper-covering  was  found  smouldering  on  the 
ground,  and  the  detonator  was  picked  off  the  floor  with  a  piece  of 
the  paper-case  of  the  fuze-head  surrounding  the  neck  of  the 
copper-capsule. 

(2). — The  second  case  occurred  in  a  shot-hole,  drilled  with 
the  intention  of  blowing  up  bottom-coal  in  No.  5  gate-road  in 
the  east  district  of  the  Flockton  seam.  The  hole,  ab,  4  feet 
long,  was  drilled  horizontally.  It  was  charged  with  2  ounces  of 
carbonite,  and  the  detonator,  a,  was  placed  at  the  rear  of  the 
cartridge.  The  deputy,  who  was  firing  the  shot,  retired  to  a 
safe  distance  and  coupled  the  cable  to  his  battery,  and- on  his 
turning  the  handle  the  shot  failed  to  explode.  He  thereupon 
returned  to  the  shot,  thinking  that  the  wires  might  have  become 
crossed ;  but,  concluding  that  this  was  not  so,  he  again  retired 
to  a  safe  distance,  coupled  the  cable  to  his  battery,  and  tried  to 
fire  the  shot.  Again  there  was  no  explosion,  and  he  returned 
towards  the  hole;  and,  on  approaching  it,  he"  heard  the  explo- 
sive fizzing,  and  saw  smoke  forcing  its  way  through  the  stem- 
ming. He  jumped  to  one  side,  and  almost  immediately  the 
detonator  exploded.     The  charge  being  small,  the  explosive  must 
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have  almost  entirely  burned  away  before  this  occurred.  If  the 
charge  had  been  a  heavier  one,  and  if  a  considerable  quantity  of 
carbonite  had  still  remained  when  the  detonator  exploded,  the 
result  in  all  probability  would  have  been  a   serious  accident. 

Experiments. — On  several  occasions  since  the  first  incident 
occurred,  experiments  have  been  made  by  the  manufac- 
turers of  the  detonators  and  of  the  explosive,  Mr.  W.  D.  Lloyd 
(the  manager  of  the  colliery)  and  the  writer.  Briefly  they  weie 
of  the  following  description,  and  the  results  are  given  below. 

(1)  An  Orion  electric  fuze,  bared  of  priming,  was  used 
for  the  purpose  of  trying  what  would  be  the  effect  of  the  broken 
or  bared  wire  on  the  passage  of  the  current,  and.  on  the  third 
attempt,  a  cartridge  of  the  explosive  was  ignited. 

(2)  A  cartridge  of  the  explosive,  without  stemming,  was 
ignited  with  an  electric  fuze  only,  and  it  burned  away  com- 
pletely. 

(3)  The  same  experiment  was  repeated  with  the  addition 
that  the  detonator,  which  was  picked  off  the  floor  on  -Tune  20th 
(when  the  shot-firer  found  the  explosive-charge  burning),  was 
plugged  and  put  into  the  cartridge  at  the  end  opposite  to  that 
in  which  the  electric  fuze  was  inserted.  The  explosive  was 
ignited,  and  burned  until  it  reached  the  detonator,  when  the 
latter  exploded  and  detonated  the  unburnt  portion  of  the  charge. 

(4)  A  charge  of  2  ounces  of  carbonite,  with  an  electric  fuze  fitted 
into  the  top  end  of  the  cartridge,  was  placed  in  a  hole,  10  inches 
in  depth,  drilled  in  a  steel  block,  and  stemmed  with  5  inches  of 
light  stemming.  The  block  was  suspended,  in  order  to  represent 
the  conditions  prevailing  in  the  mine  when  the  first  incident 
occurred.  The  stemming  was  at  once  blown  out  without  a  re- 
port ;  and  the  charge  fell  on  to  the  ground,  burned,  and  gave 
off  much  flame. 

(5)  The  same  experiment  was  repeated,  with  7i  inches  of 
damped  stemming.  Almost  immediately  the  stemming  was 
blown  out  with  a  report ;  and  flame  from  the  hole  and  smoulder- 
ing of  the  paper  covering  of  the  cartridge  was  observed. 

Possible  Causes  of  Ignition. — From  these  experiments,  the 
following  possible  causes  of  the  ignition  instead  of  the  detona- 
tion of  the  explosive  suggest  themselves. 

13 


1 18       IGNITIONS  OF  EXPLOSIVES  AT  THE  WEST  RIDING  COLLIERIES. 

(1)  Applicable  to  the  Incident  of  June  20th. — (a)  When  the 
shot-hole  in  the  pit  was  charged,  the  detonator  became  detached 
from  the  electric  fuze  and  fell  on  the  floor  without  being 
noticed  by  the  shot-firer;  and,  in  consequence,  the  explosive  was 
ignited  instead  of  being  detonated,  producing  in  the  mine  condi- 
tions similar  to  the  results  obtained  in  K"os.  4  and  5  experiments, 
and  causing  flame  from  the  explosive  and  smouldering  paper; 
or  (b)  the  shot  was  ignited  by  a  short  circuit  in  the  fuze-wires, 
burnt  partly  away,  and  blew  the  stemming  out  of  the  hole  along 
with  part  of  the  charge  and  detonator. 

(2)  Applicable  to  the  Incident  of  July  10th. — (c)  The  detona- 
tor became  detached  from  the  electric  fuze,  thereby  resulting  in 
tne  latter  igniting  the  charge ;  or  (d)  a  spark  from  the  wires, 
owing  to  defective  insulation,   ignited  the  explosive. 

(3)  Applicable  to  both  Incidents. — (e)  The  shot-firer,  when  in- 
serting the  electric  detonator-fuze  into  the  carbonite  cartridge 
or  when  pushing  the  charge  into  the  hole,  may  have  broken 
the  cardboard  cap,  thereby  moving  the  detonator  to  one  side  and 
allowing  the  flashing  mixture  of  the  electric  fuze  to  act  on  the 
explosive  in  place  of  the  fulminate  in  the  detonator ;  if  this 
occurred,  the  charge  would  burn  until  it  reached  the  detonator, 
and  then  the  remainder  of  the  charge  would  be  exploded ;  or  (f) 
a  back-blow  through  the  rear  of  the  electric  fuze,  owing  to 
some  mechanical  obstruction  sufficient  to  prevent  the  flash  of  the 
fuze  from  reaching  the  fulminate,  such  as  sawdust  not  properly 
removed,  caused  the  ignition  of  the  charge. 

On  the  facts  being  submitted  to  Captain  J.  H.  Thomson, 
C.B.,  H.M.  Chief  Inspector  of  Explosives,  he  expressed  the  opinion 
that  a  possible  theory,  and  perhaps  the  most  probable  in  view  of 
.all  the  circumstances,  was  that  the  ignition  of  the  charge,  in 
both  incidents,  was  caused  by  a  spark  from  the  defective  insula- 
tion of  the  wires.  The  writer,  while  concurring  in  this  opinion 
as  regards  the  incident  which  occurred  on  July  10th,  inclines 
to  the  belief  that  the  ignition  of  June  20th  was  caused  by  the  elec- 
tric fuze  becoming  detached  from  the  detonator  when  the  cart- 
ridge was  being  placed  in  the  shot-hole,  and  the  charge  was  in 
consequence  ignited  by  the  former. 

Mr.  H.  Bigg-Wither,  general  manager  of  the  Eoburite 
Explosives  Company,  Limited,  the  makers  of  the  detonators, 
explains  that  it  is  practically  impossible  for  any  sawdust  to  be 
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left  in  a  detonator.  The  operation  of  clearing  them  is  effected 
by  turning-  each  box  of  100  upside  down  on  to  a  piece  of  brass- 
wire  gauze  of  large  mesh.  The  box  is  then  reversed  and  the 
contents  examined,  when  any  sawdust  is  easily  noticeable.  He 
had  made  some  experiments  with  Orion  fuzes,  with  an  empty 
detonator  cemented  into  them ;  but  no  flash  was  noticed  to  issue 
from  any  part  of  them,  and  in  no  case  was  the  cardboard  tube 
burst.  The  quantity  of  priming  is  small,  and  more  of  a  flaming 
than  of  a  bursting  nature. 

Precautions. — The  writer  is  of  opinion  that  the  following 
precautions  are  necessary,  especially  with  explosives  containing 
nitro-glycerine,  as  they  are  more  liable  to  ignite  than  nitro- 
ammonia    compounds. 

Upward  vertical  holes  should,  as  far  as  possible,  be  pro- 
hibited, as,  during  the  insertion  of  the  charge  and  in  the  course 
of  stemming,  the  detonator  is  liable  to  become  canted  in  the  cart- 
ridge, and  thus  to  become  displaced  or  to  come  into  contact  with 
the  sides  of  the  holes  and  cause  an  explosion.  A  fatal  accident 
was  caused  in  this  way  at  Rotherham  Main  colliery  in  May,  1905. 

The  detonators  should  not  be  inserted  in  the  rear  or  between 
the  cartridges  of  a  charge,  but  always  in  front  of  the  first  cart- 
ridge. Care  should  be  taken  that  the  detonator  is  well  bedded  in 
the  explosive,  and  secured,  if  necessary,  by  the  covering  of  the 
first  cartridge  ;  and  also  that  the  individual  cartridges  are  placed 
in  contact  with  each  other.  In  addition  to  the  danger  of  the 
detonator  being  canted,  if  it  be  put  in  at  the  rear  end  of  the 
charge  (the  method  adopted  when  both  these  incidents  occur- 
red), four  different  bends  are  introduced  in  the  wires  (one  at  the 
base  of  the  fuze,  one  at  the  edge  ef  the  cartridge,  and  two  at  the 
intersection  of  the  half-hitch),  thus  offering  bends  in  the  wires 
at  which  the  insulation  can  be  injured  by  rubbing  against  the 
sides  of  the  shot-holes  and  in  stemming ;  whereas,  if  the  detona- 
tor is  inserted  at  the  outermost  end  of  the  charge,  the  wires  are 
straight  and  run  without  bends,  and  there  is  consequently  much 
less  risk  of  the  insulation  being  damaged. 

The  insulation  of  the  wires  of  electric  detonators  should  be 
strengthened,  as  far  as  possible,  in  order  to  prevent  any  sparks 
from  being  emitted,  due  to  defective  insulation ;  and  it  is  import- 
ant that  the  two  portions  of  the  detonators  containing  the  priming 
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mixture   and   the  fulminate   of  mercury   should   be   attached  to 
each  other  in  as  secure  a  manner  as  possible. 

The  possible  causes  of  these  occurrences  open  out  a  wide 
field  for  discussion,  and  the  opinion  of  those  who  have  had 
considerable  experience  with  explosives  and  shot-firing  is  of  the 
greatest  value  in  arriving  at  the  most  probable  explanation.  In 
nearly  all  mines  conditions  exist  which  make  such  occurrences 
highly  dangerous  ;  for  the  risk  of  explosions  of  gas  and  coal- 
dust  being  caused  by  such  ignitions  of  explosives  as  those  des- 
cribed, owing  to  the  large  quantity  of  flame  produced,  with 
results  disastrous  to  life  and  property,  is  always  present.  It 
is  with  a  view  of  making  them  known  to  those  of  the  mining 
public,  who,  otherwise,  would,  in  all  probability,  not  become 
aware  of  the  liability  of  such  incidents  and  the  dangers  thereby 
incurred,  that  the  writer  had  written  these  few  notes. 


Mr.  John  Neal  read  the  following  paper  on  "  An  Ignition  of 
Coal-dust  at  Middleton  Colliery":  — 
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AN   IGNITION    OF   COAL-DUST    AT   MIDDLETON 
COLLIERY. 


By    JOHN    NEAL. 


There  is  abundant  evidence  that  coal-dust  has  been  ignited  in 
mines  by  shots,  with  and  without  the  presence  of  inflammable 
gas.  Explosions  of  fire-damp  have  been  intensified,  and,  in  many- 
instances,  a  small  local  explosion  or  ignition  of  fire-damp  has 
been  converted  into  a  terrible  disaster  by  the  presence  of  coal- 
dust.  The  writer  believes  that  there  is  not  on  record  an  instance 
where  it  has  been  clearly  proved  that  coal-dust  has  been  ignited 
in  the  mine  by  means  of  a  simple  flame,  such  as  that  of  an 
ordinary  candle  or  safety-lamp. 

Explosions  of  coal-dust  have  occurred  where  it  has  not  been 
clearly  and  satisfactorily  proved  that  either  shot-firing  or  inflam- 
mable gas  has  been  responsible  for  their  initiation,  and  it  is  not 
improbable  that  on  more  than  one  occasion  these  agents  have 
had  nothing  to  do  with  them.  It  is  by  no  means  the  general 
impression  that  coal-dust,  as  found  in  the  mine  and  under 
ordinary  working  conditions,  can  be  ignited  by  a  simple  flame. 
On  the  contrary,  mining  engineers  have  thought  that  nothing 
short  of  an  ignition  or  an  explosion  of  gas,  gas  and  dust,  or  a 
blown-out  shot,  could  start  a  coal-dust  explosion  ;  and  this  was,  to 
some  extent,  the  writer's  opinion  until  the  ignition  described  in 
this  paper  took  place. 

On  September  2nd,  190T,  an  ignition  of  coal-dust  occurred  in 
the  Beeston  seam,  at  Middleton  colliery.  This  seam  is  very  dry, 
and  a  considerable  amount  of  dust  accumulates  very  rapidly  in 
the  roads  despite  constant  cleaning.  About  noon,  a  deputy  had 
opened  a  safety-lamp  at  the  lamp-station,  A  (figs.  1  and  2,  plate 
vi.),  for  the  purpose  of  relighting  another  lamp.  At  the  same 
time,  a  train  of  full  tubs,  drawn  by  a  pony,  was  passing,  and 
raised  a  considerable  quantity  of  dust  from  the  floor. 

Just  before  the  train  reached  the  lamp-station,  the  deputy 
removed  part  of  the  burning  snuff  or  snod  from  the  lamp,  and  it 
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fell  harmlessly  to  the  floor.  As  soon  as  the  train  had  passed,  he 
knocked  away  the  remaining-  portion  of  the  snnff ;  and,  as  this 
fell  to  the  floor,  there  was  an  ignition  of  the  dust.  Whether  the 
dust  ignited  was  dnst  from  the  floor,  or  that  blown  and  shaken 
from  the  train,  or  both,  the  writer  is  not  prepared  to  say.  The 
flame  rose  from  the  floor  to  a  height  of  about  2|  feet,  and  spread 
over  a  width  of  about  3  feet  (figs.  3  and  4,  plate  vi.).  It  fol- 
lowed the  train  with  a  peculiar  rolling  motion  apparently  corres- 
ponding with  the  successive  clouds  of  dust  raised,  and  made  a 
strange  hissing  sound  similar  to  that  of  a  firework  squib. 

The  train  stopped  at  a  point,  B,  about  45  feet  beyond  the 
lamp-station ;  and,  when  the  flame  reached  the  last  tub,  it 
ascended  to  the  roof,  returned  along  the  upper  portion  of  the 
roadway,  and  finally  extinguished  itself  within  3  feet  or  so  of 
the  point  of  ignition.  The  colour  of  the  flame  was  described  by 
the  deputy  as  being  similar  to  that  of  a  candle  or  oil-lamp. 

A  piece  of  brattice-cloth,  a,  nailed  to  the  back  of  the  lamp- 
station  and  used  by  the  turnkeeper  as  a  blackboard,  was  set  on 
fire  ;  otherwise  no  damage  was  done,  and  no  person  was  burned. 

The  ignition  was  also  witnessed  by  the  turnkeeper,  who  was 
standing  near  at  the  time.  He  confirmed  the  deputy's  statement 
in  every  particular. 

The  course  of  the  ventilation  is  shown  on  the  plan  (fig.  1, 
plate  vi.).  At  C,  some  distance  outbye  from  the  lamp-station, 
there  are  two  doors,  and  this  road  is  ventilated  by  a  scale  of  air 
through  them:  the  quantity  passing  being  1,300  cubic  feet  per 
minute.  This  split  is  taken  from  the  main  intake-airway,  and 
ventilates  this  road  only  before  it  joins  the  main  body  of  air  about 
the  district,  at  the  entrance  to  the  main  return-airway  about 
2,000  feet  inbye. 

Inflammable  gas  is  very  rarely  found  in  the  Beeston  seam, 
and  never  in  large  quantities.  The  report-books  show  that  gas 
had  been  found  only  twice  during  the  last  12  months  in  the 
whole  of  the  mine,  and  not  once  in  this  particular  district.  It  is 
extremely  unlikely  that  gas,  either  accumulated  or  in  the  ven- 
tilating current,  could  be  present  at  this  place. 

The  writer  visited  the  place  soon  after  the  occurrence,  and 
could  not  find  any  trace  of  gas.  He  has  examined  it  many  times 
since,  and  he  has  been  unable  to  detect  the  slightest  trace,  even 
with  a  gas-detector  capable  of  indicating  \  per  cent. 
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The  readings  of  the  barometer  from  August  26th  to  September 
6th,  1907,  are  recorded  in  Table  I.     It  is  interesting  to  note  that, 

Table  I. —Readings  of  the  Barometer  from  August  26th 
to  September  6th,  1907. 


Date, 

1907. 

6  a.m. 

2  p.m. 

10  p.m. 

•     Date,  1907. 

6  a.m. 

2  p.m. 

10  p.m. 

Inches. 

Inches. 

Inche 

Inches. 

! 

Inches.     1 

Aug. 

26 

29-72 

29-70 

29-78 

Sept.       1 

? 

9 

29-72 

27 

29  70 

29-76 

29-80 

2 

29-50 

*29-35 

29-15 

28 

29-80 

29  90 

29-68 

3 

29-30 

29-40 

29-50 

;J 

29 

29  60 

29-70 

29-65 

4 

29-50 

29-65 

29-65 

30 

29-80 

29  80 

2982 

5 

29-37 

29-50 

29-55 

)) 

31 

29-70 

9 

? 

6 

29-75 

2970 

29-76 

Ignition  occurred  at  mid-day. 

on  the  day  of  the  ignition,  the  barometer  was  at  the  lowest  point 
of  the  whole  period  recorded.  The  fall  was  gradual  from  10  p.m. 
on  September  1st  to  10  p.m.  on  September  2nd,  when  it  reached 
the  lowest  point :  the  total  fall  being  0'57  inch.  This  reduction 
of  pressure  would  account  for  an  increase  in  the  volume  of  about 
2  per  cent.,  and  had  it  been  possible  for  any  reservoir  of  gas  to  be 
present,  the  increase,  spread  out  over  a  period  of  24  hours,  could 
not,  in  the  writer's  opinion,  have  had  any  influence  upon  the 
ignition.  The  probability  of  the  existence  of  any  such  reservoir 
of  gas  is  very  remote.  There  are  no  open  goaves  in  the  workings. 
the  gob  having  been  packed  solid,  and  at  the  point  of  ignition  the 
workings  have  been  settled  for  many  year-.  It  is  not  likely  that 
any  gas,  which  might  be  contained  in  the  fissures  above  the  roof 
and  held  back  at  atmospheric  pressure,  could  by  reason  of  the  de- 
crease in  pressure  flow  out  into  the  roadway  to  such  an  extent  as 
to  have  any  influence  upon  the  ignition. 

In  considering  the  possibility  of  the  presence  of  gas.  the 
writer  recurs  to  the  fact  that  the  flame  in  the  first  instance 
travelled  along  the  floor  to  a  height  of  about  2j  feet,  and  he 
believes  that,  if  gas  had  been  present  in  such  quantity  as  to  influ- 
ence the  ignition  at  this  distance  from  the  roof,  the  result  would 
have  been  a  violent  explosion,  sufficient  to  dislodge  the  dust 
resting  on  the  bars  and  sides  of  the  roadAvay  and  further  to  ex- 
tend the  area  of  the  explosion.  The  dust  on  the  tops  of  the  bars 
was  not  disturbed ;  but  the  return-flame  had  removed  the  dust 
adhering  to  the  sides  of  the  bars. 
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Analyses  of  samples  of  dust  from  the  screens  at  tlie  surface 
and  the  haulage-roads  in  the  mine  are  recorded  in  Table  II.  The 
dust  from  the  haulage-roads  was  collected,  from  the  props  and 
bars,  at  various  distances  from  the  pit-bottom. 

Table  II. — Analyses  of  Samples  of  Coal-dust. 


X.i. 

Place  where  Sample 
of  Coal-dust  was  Collected. 

Distance 

in-bye 
from  Pit- 
bottom. 

Volatile 
Matter. 

Fixed 

Carbon. 

Ash. 

Ratio 

of  fixed 

Carbon  to 

Volatile 

Matter. 

Feet. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

Screens  at  surface    . . . 

— 

23  43 

58-82 

17-75 

2-51 

2 

Safety-boards  at  pit-bottom 

— 

24-74 

58-61 

16-65 

2  36 

3 

Props  and  bars  at  entrance 
to  main  haulage-road. 

0 

•25-67 

58-08 

16-25 

2-26 

4 

Main  haulage-road   . . 

1,S60 

25-24 

41-71 

33-05 

1-65 

o 

do. 

3,100 

21-73 

37  92 

40-35 

174 

6 

do. 

3,960 

22-97 

32-43 

44-60 

1-41 

/ 

do. 

5,2s0 

22-15 

36-40 

41-45 

1-64 

Mr.  J.  E.  E.  Wilson  (Leeds),  in  proposing-  a  vote  of  thanks 
to  the  writers  of  the  papers,  said  that  there  were  one  or  two  rather 
obvious  points  to  which  he  should  like  to  draw  attention.  In  the 
first  paper,  the  fault  seemed  to  lie  entirely  with  the  detonator  ;  was 
its  construction  commendable  ?  Eegarding  the  second  paper, 
the  question  arose  as  to  the  proper  position  for  a  lamp-station ; 
wo  s  it  upon  a  main  haulage-road  ?  Was  it  advisable  to  use  a 
type  of  lamp  of  which  the  bottom  could  be  screwed  off,  and  the 
snuff  thrown  upon  the  floor?  Was  it  not  a  distinct  advantage 
to  have  the  lamps  lighted  and  relighted  internally  by  electricity  ? 

Mr.  H.  Bonser  (Leeds),  in  seconding  the  vote  of  thanks,  said 
that  the  incidents  were  most  remarkable.  In  the  case  of  the 
incident  of  June  20th,  the  explanation  appeared  to  be  that,  during 
the  preparation  of  the  shot,  the  detonator  had  become  detached 
from  the  fuse-head  and  had  fallen  on  the  floor  unperceived  by 
the  shot-firer,  and  in  consequence  the  explosive  was  ignited.  In 
the  case  of  the  incident  of  July  10th,  there  were  two  probable 
explanations :  — (1)  The  detonator  had  become  detached  from 
the  fuse-head,  the  result  being  that  the  latter  ignited  the  charge ; 
or  (2)  that  the  shot-firer,  when  inserting  the  fuse  into  the  car- 
tridge, had  broken  the  cardboard  cup,  thereby  removing  the 
detonator  to  one  side  and  allowing  the  flashing-mixture  of  the 
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fuse-head  to  act  on  the  carbonite  in  place  of  the  fulminate  in  the 
detonator.  The  explosive  would  then  burn  until  the  detonator 
was  reached,  when  the  remainder  of  the  charge  would  explode. 

Prof.  G.  R.  Thompson  (The  University,  Leeds)  asked  what 
was  the  method  of  firing  and  the  voltage  of  the  current,  as  this 
would  have  some  bearing  on  the  question  of  short-circuiting  in 
the  wires  causing  the  ignition.  The  distance  across  which  a 
spark  could  form  in  air  was  very  small,  although  when  the  spark 
had  been  established  the  distance  apart  of  the  wires  might  be  much 
increased,  and,  if  a  sufficient  quantity  of  electricity  were  avail- 
able, it  would  still  ignite  the  charge.  The  first  case  of  misfire 
appeared  to  be  satisfactorily  explained  in  the  paper.  With  regard 
to  the  second  case,  he  referred  to  a  paper  read  by  Mr.  H.  Bigg- 
Wither  before  The  Institution  of  Mining  Engineers  some  time 
ago,*  in  which  he  showed  that  detonators  subject  to  damp  became 
less  efficient,  and  might  lose  power  to  such  an  extent  as  only  to  be 
capable  of  bursting  the  copper-capsule.  He  (Prof.  Thompson) 
would  suggest  as  an  alternative  explanation  of  the  second  case  that 
the  detonator  used  was  of  insufficient  power  to  detonate  the  ex- 
plosive, and  simply  ignited  it,  giving  the  same  effect  as  is  pro- 
duced by  the  use  of  a  powder-fuse  with  high  explosives. 

Mr.  W.  H.  Pickeeing  (H.M.  Inspector  of  Mines,  Doncaster) 
thought  that  there  were  a  good  number  of  cases  on  record  similar 
to  those  described  by  Mr.  Walker,  and  he  was  rather  inclined  to 
think  that  the  explanation  suggested  by  Prof.  Thompson  was 
the  correct  one  in  the  second  case.  He  regarded  both  papers  as 
valuable  contributions  to  the  records  of  the  Institute,  as  they 
were  records  of  what  actually  took  place,  and  not  mere  theories. 
There  were,  however,  records  of  dust  having  been  ignited  in  a 
similar  manner  before.  In  a  short  paper  that  he  communicated 
to  the  Institute  some  time  ago,t  he  g'ave  three  instances  of  dust- 
firing,  two  by  sparks,  and  one  by  friction  in  a  pulley,  and 
agreed  with  Mr.  Neal  that  this  was  an  absolute  ignition  of  the 
dust.  In  the  discussion  on  his  (Mr.  Pickering's)  paper,  an  in- 
stance was  given  of  dust  having  been  ignited  by  gas-lamps  at 
the  bottom  of  a  pit.+ 

*  "  Notes  on  Detonators,"  Trans.  Inst.  M.  E.,  1901,  vol.  xxi.,  page  442. 
f  "The  Dust-danger,"  Trans.  Inst.  M.  E.,  1905,  vol.  xxix.,page  134. 
%  Ibid.,  page  140. 
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Mr.  W.  D.  Lloyd  (Altofts)  emphasized  tlie  fact  that,  in  the 
first  instance  recorded  by  Mr.  "Walker,  the  cap  did  not  come 
away  from  the  paper-sleeve  into  which  the  wire  fitted  on  the 
fuse.  He  spoke  of  the  reliability  of  the  detonator,  stating  that 
whilst  there  was  one  misfire  in  about  750,  only  about  one 
detonator  in  3,000  was  defective — a  proportion  which  would 
compare  favourably  with  any  detonator  on  the  market.  He 
thought  that  the  brass-sleeve,  which  the  makers  were  substituting 
for  that  of  paper,  would  be  an  improvement.  Regarding  the 
causes  of  the  ignitions,  he  thought  that  if  anyone  tried  to  ignite 
carbonite  with  a  spark,  he  would  find  it  a  difficult  process  ;  and  he 
did  not  think  that  there  was  much  likelihood  of  that  having  been 
the  cause.  He  suggested,  as  an  explanation  of  the  second  incid- 
ent, that  the  wire  round  the  cartridge  had  caught  where  the  hole 
was  reduced  in  size  by  changing  drills,  and  so  caused  a  pull  on  the 
paper-casing,  which  broke  it  in  such  a  way  that  when  the  fuse  was 
fired  the  flashing-powder  acted  directly  on  the  carbonite  instead 
of  on  the  fulminate  in  the  detonator,  for  there  was  no  difficulty 
in  igniting  carbonite  in  that  manner. 

Mr.  <T.  R.  R.  Wilson  said  that  his  experience  in  the  past  had 
been  that  the  cartridge  was  too  small  for  the  hole  rather  than 
too  large,  and  he  was  somewhat  astonished  to  hear  that  car- 
tridges fitted  the  holes  so  closely  that  force  had  to  be  used  to 
get  them  to  go  in.  The  remedy  for  that  was  obvious.  In  his 
opinion,  risks  had  been  run  for  a  considerable  time  in  the  use  of 
a  rammer,  for  they  were  never  quite  certain  what  a  man  would 
do.  He  was  sorry  to  differ  in  opinion  from  Mr.  Walker,  but  he 
did  not  think  that  the  front  of  the  cartridge,  next  to  the  stem- 
ming, was  the  proper  place  for  the  detonator.  It  was  not,  he 
thought,  the  safest  place. 

Mr.  W.  H.  Chambers  (Conisborough)  agreed  that  the  detona- 
tor was  more  out  of  the  way  at  the  back  of  the  cartridge  than  at 
the  front,  as  the  firing-wires  were  laid  along  the  bottom  of  the 
hole,  and  were  less  liable  to  be  damaged  by  the  tamping.  If  the 
detonator  were  inserted  in  the  front  of  the  cartridge,  the  bending- 
down  of  the  wires  in  tamping  was  very  likely  to  misplace  the  deton- 
ator, as  well  as  damage  the  wires  and  insulation  by  the  double 
bend  at  right  angles,  which  would  be  effected  by  the  driving-in 
of  the  tamping.     It  was  impossible  to  carry  the  wires  down  the 
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centre  of  the  hole  in  a  straight  line  with  the  detonator,  which 
would  probably  be  the  best  course,  if  practicable. 

Mr.  John  Gill  (Normanton)  said  that  detonators  composed  of 
two  capsules  appeared  to  be  the  cause  of  the  two  mishaps  men- 
tioned in  Mr.  Walker's  paper.  In  the  first  case,  the  copper-cap- 
sules containing  the  fulminate  of  mercury  had  evidently  broken 
off  and  dropped  on  the  floor.  In  the  second  case,  the  capsule  and 
sleeve  appear  to  have  become  partially  separated,  so  that  the 
flashing-powder  ignited  the  charge  instead  of  firing  the  deton- 
ator. He  thought  it  improbable  that  the  hitch  had  caused  short- 
circuiting.  In  his  opinion,  the  detonator  should  be  inserted 
in  the  cartridge  at  the  bottom  of  the  hole,  as  there  was  less  pres- 
sure applied  at  the  back  of  the  charge  when  stemming,  and  the 
detonator  would  be  further  removed  from  the  danger  of  being 
accidentally  struck  by  the  stemmer. 

With  regard  to  Mr.  deal's  paper,  he  asked  what  kind  of  oil 
they  were  using,  and  suggested  that  the  ignition  was  not  one  of 
coal-dust,  but  probably  of  oil  accidentally  spilt  from  the  lamps 
when  they  were  being  relit.  It  was  a  striking  fact  that  the  only 
thing  burnt  was  a  piece  of  brattice-cloth,  on  which  probably  greasy 
hands  had  been  wiped.  The  rolling  motion,  he  thought,  was 
due  to  the  movement  of  the  tubs,  as  it  stopped  so  soon  as  the 
tubs  stopped. 

Mr.  G.  Caeew  (Denaby)  said  that  his  experience  was  that  it 
really  did  not  matter  in  what  position  the  detonator  was  in  the 
cartridge  :  the  explosive  would  detonate  completely,  even  with 
air-spaces  between  the  cartridges,  if  the  explosive  was  all  right. 
He  always  advocated  the  use  of  the  hitch  with  the  detonator  at  the 
opposite  end  of  the  cartridge  to  that  which  would  be  pressed  by  the 
stemmer,  in  order  to  ensure  a  cushion  between  the  stemmer  and 
the  detonator.  It  did  not  much  matter  of  what  the  stemmer 
was  made  :  if  the  blow  were  strong  enough,  and  the  bare  detonator 
were  struck,  it  would  fire. 

Mr.  Isaac  Hodges  (Whitwood  Collieries)  thought  that  the  in- 
formation that  Mr.  Walker  had  given  was  self-explanatory,  and 
needed  no  discussion.  He  was  perfectly  certain  in  his  own 
mind  that  a  short-circuit  had  fired  the  cartridge,  which  had 
burned  until  the  flame  had  reached    the   detonator,    when   the 
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explosion  occurred.  He  was  interested  in  Mr.  Walker's  view- 
as  to  how  detonators  should  be  inserted  in  cartridges,  but 
entirely  failed  to  agree  with  that  gentleman's  opinion  that  the 
detonator  should  be  inserted  in  the  primary  cartridge.  Where 
two  cartridges  were  used,  he  had  made  it  an  unfailing  rule 
to  put  the  first  cartridge  into  the  hole  blank,  and  to  insert 
the  detonator  into  the  back  end  of  the  second  cartridge,  turning 
the  wires  along  the  hole,  thus  ensuring  a  buffer  between  the 
back  of  the  hole  and  the  detonator  and  between  the  detonator 
and  the  tamping-rod.  His  experience  of  putting  the  detonator 
in  the  front  end  of  the  first  cartridge  was  that  frequently  the 
detonator  was  withdrawn  by  the  pressure  of  keeping  the  wires 
tight  during  ramming;  and  if,  to  avoid  this,  the  fuse-wires  were 
allowed  to  be  slack,  there  was  the  danger  of  kinking  the  wires 
and  thus  causing  short-circuiting. 

With  regard  to  Mr.  Lloyd's  claim  that  one  misfire  in  750  was 
good,  and  the  information  given  by  him  that  high-tension  fuses 
were  used,  he  (Mr.  Hodges)  suggested  that,  if  low-tension  fuses 
had  been  used,  Mr.  Lloyd  might  have  expected  one  misfire  in  2,000. 

Mr.  Xeal's  paper  was  interesting  as  being  the  actual  record 
of  an  ignition  of  coal-dust  as  seen  by  an  eye-witness.  It  had 
been  wellknown  to  many  of  them  that  coal-dust  had  been  fre- 
quently ignited  in  the  absence  of  gas  in  the  old  candle  days. 
He  quoted  an  instance  occurring  30  years  ago,  at  Manners  col- 
liery, and  said  that  there  must  be  many  records  of  events  of  a  simi- 
lar nature.  After  all,  such  ignitions  depended  considerably  upon 
the  nature  of  the  coal-dust.  He  must  say  that  he  was  surprised 
at  the  analyses  quoted  by  the  writer,  showing  so  large  a  pro- 
portion of  non-combustible  matter  in  the  dust  taken  from  the 
main  haulage-roads.  The  phenomenon  that  "the  dust  on  the 
tops  of  the  bars  was  not  disturbed  ;  but  the  return-flame  had 
removed  the  dust  adhering  to  the  sides  of  the  bars,"*  was  pecu- 
liar, but  might  be  accounted  for  if  the  dust  largely  con- 
sisted of  material  disintegrated  from  the  roof.  He  should  be 
glad  if  the  writer  of  the  paper  would  give  the  analysis  of  the  dust 
stated  to  be  left  on  the  tops  of  the  bars,  so  as  to  decide  the  exact 
reason  of  the  non-combustion,  as  the  opinion  had  usually  been 
held  that  the  dust  taken  from  the  tops  of  bars  on  main  haulage- 
roads  was  generally  the  most  inflammable. 
*  Trans.  Inst.  M.  E.,  1907,  vol.  xxxiv.,  page  223. 
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Mr.  W.  Walkek,  replying  to  the  discussion,  said  that  the  volt- 
age of  the  battery  by  -which  it  was  attempted  to  fire  the  shots  was 
about  100,  and  he  agreed  that  it  was  possible  for  the  occurrences 
to  have  been  caused  as  Prof.  Thompson  had  sitggested,  if  the  de- 
tonators were  damp;  but  he  did  not  think  that  it  was  a  probable 
cause.  The  greater  part  of  the  discussion  seemed  to  refer  to  the 
position  of  the  detonators  in  the  charges,  and  he  (Mr.  "Walker) 
appeared  to  have  struck  upon  a  sore  place  :  but  he  noticed  that  the 
opinion  as  to  where  they  should  be  was  anything  but  unanimous. 
Some  advocated  placing  the  detonators  at  the  back  of  the  charge, 
others  between  two  cartridges  :  some  with  half-hitches  of  the 
wires,  and  some  without.  He  still,  however,  held  to  the  opinion 
that  he  had  expressed,  as  he  had  investigated  several  accidents 
where  persons  had  been  killed  or  injured  owing  to  detonators 
having  canted  in  the  shot-hole,  and  had  found  that  there  was  more 
liability  of  such  canting  occurring  when  the  detonators  were 
placed  at  the  back  of  a  charge  than  at  the  front. 

Regarding  Mr.  Neal's  paper,  he  had  investigated  the  occur- 
rence, and  quite  agreed  with  the  statement  in  the  paper  that 
no  gas  was  present.  He  had  asked  the  opinion  of  Mr.  W.  X. 
Atkinson,  the  Superintending  Inspector  of  Mines  in  South 
Wales,  who  probably  knew  more  about  coal-dust  than  anyone  in 
the  country,  and  that  gentleman  had  said  that  it  was  a  remarkable 
occurrence  and  that  he  would  hardly  have  thought  such  an 
ignition  possible.  He  had  certainly  never  heard  of  such  an  occur- 
rence before.  He  (Mr.  Walker)  had  an  experience  in  1889  in  con- 
nection with  an  explosion  in  a  coal-hopper  at  Brancepeth  colliery. 
Six  men  were  sent  to  clean  out  the  hopper,  three  going  to  the 
top  and  three  to  the  bottom  of  it.  It  was  a  large  hopper,  measur- 
ing 24  by  31  by  36  feet ;  in  the  inside  of  it  there  were  four  stages, 
and  the  whole  arrangement  was  tied  together  by  iron  tie-rods 
from  side  to  side.  Open  torch-lamps  were  used,  and  were  hung 
near  the  bottom  on  these  tie-rods.  The  men  on  the  top  had  not 
been  brushing  the  dust  down  for  more  than  two  minutes  when 
there  was  a  violent  explosion,  the  three  men  at  the  top  being 
killed,  and  those  at  the  bottom  injured.  There  could  not  in 
that  case  have  been  the  smallest  trace  of  gas  present,  because  the 
top  was  fairly  open  and  the  ignition  took  place  at  the  bottom  of 
the  hopper. 

Mr.  J.  Xeal,  in  replying  to  the  discussion  on  his  paper,  said 
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that,  with  reference  to  the  suggestion  that  the  ignition  was 
caused  by  oil,  the  place  near  which  the  incident  occurred  was 
not  one  where  lamps  were  rilled,  but  merely  lighted,  and  he  did 
not  think  that  anybody  could  find  a  drop  of  oil  about  the  place. 
The  oil  which  they  burned  consisted  of  mineral  colza  one  part,  and 
colza  proper  two  parts. 

Mr.  W.  N.  Atkinson  (H.M.  Inspector  of  Mines,  Bridgend) 
wrote  that  Mr.  Neat's  paper  described  a  very  unusual  and  inter- 
esting occurrence,  from  which  it  might  almost  be  inferred  that, 
under  certain  conditions,  a  dangerous  explosion  of  coal-dust 
might  be  caused  by  a  naked  light.  The  way  in  which  the  flame 
followed  the  tub  near  the  floor  seemed  intelligible,  as  there  the 
dust-cloud  would  be  thickest ;  but  why,  when  the  tub  stopped, 
the  flame  should  return  along  the  upper  part  of  the  road  was  not 
easy  to  understand.  From  the  occurrence  of  such  a  body  of  flame 
it  was  quite  conceivable  that,  under  certain  conditions,  it  might 
have  developed  into  a  dangerous  explosion. 

Rather  singularly,  in  Mines  and  Minerals*  there  was  an 
account  of  "  a  peculiar  mine  explosion,"  also  due  to  an  ignition  of' 
coal-dust  by  a  naked  light,  of  which  the  following  is  a  summary  : — 

On  Thursday,  September  12th,  there  occurred  at  Mine  No.  10  of  the  Union 
Pacific  Coal  Company,  Rock  Springs,  Wyo.,  an  explosion  of  dust,  which  in  ita 
cause  and  effects  is  unique  in  the  annals  of  coal-mining  accidents.  It  occurred  at 
about  5  o'clock  in  the  afternoon  when  the  miners  were  preparing  to  leave  the  mine. 
About  forty  of  the  mine  workers  had  gathered  at  the  foot  of  the  slope  (which  is  an 
intake  airway  driven  1,000  feet  at  an  inclination  of  200  degrees),  when  a  trip  of 
empties  was  started  from  the  top.  The  coupling  between  two  of  the  cars  had  not 
been  properly  made,  and  when  the  trip  reached  the  head  of  the  slope  six  of  the  cars 
started  down  the  20  per  cent,  incline  unchecked.  By  the  time  they  had  reached 
the  bottom  they  had  acquired  a  terrific  speed,  and  collided  with  a  trip  of  full  cars 
waiting  there  to  be  hoisted.  Fortunately,  the  men  had  gotten  out  of  the  way, 
but  the  impact  created  a  cloud  of  dust,  raised  principally  from  the  floor  of  the 
gangway,  and  this  dust  was  ignited  by  the  lamps  of  the  miners.  It  appears  that 
the  mixture  of  dust  and  air  was  not  of  a  character  to  produce  a  violent  explosion. 
There  was,  however,  an  instantaneous  combustion,  which  produced  sufficient 
heat  to  burn  more  or  less  seriously  every  man  in  the  immediate  vicinity,  but  none 
of  them  so  badly  that  he  was  not  able  to  walk  or  crawl  out  of  the  manway. 

The  force  of  the  explosion  was  felt  more  seriously  200  or  300  feet  down  the 
gangway,  where  a  miner  was  thrown  violently  down,  and  sustained  a  broken 
arm  and  other  injuries.  One  of  the  peculiar  and  fortunate  effects  of  the  explo- 
sion was  the  partial  wrecking  of  an  overcast  a  short  distance  east  of  the  slope. 
This  resulted  in  a  short-circuiting  of  the  air-current,  which  carried  off  the 
products  of  combustion  and  prevented  any  deaths  from  suffocation. 

*  1907,  vol.  xxviii. ,  page  161. 
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In  his  evidence  before  the  Royal  Commission  on  Explosions 
from  Coal-dust  in  Mines,  in  1891,*  Mr.  J.  B.  Atkinson  (H.M. 
Inspector  of  Mines)  referred  to  ignitions  of  coal-dust  by  naked 
lights  at  Xitshill  colliery,  where  boys  amused  themselves  by 
igniting  small  clouds  of  coal-dust.  The  writer  (Mr.  W.  X. 
Atkinson)  believed  that  there  were  also  records  of  a  few  such 
ignitions  in  continental  mines.  From  the  widespread  use,  espe- 
cially in  the  past,  of  naked  lights  of  all  sorts  in  dusty  coal- 
mines, it  must  be  concluded  that  it  was  only  under  special  con- 
ditions that  such  ignitions  of  coal-dust  were  likely  to  occur,  and 
these  conditions  were  worthy  of  investigation. 


*  First  Report  of  the  Royal  Commission  on  Explosion,-*  from  Coal-<lu*t  %n 
Mines  ;  toith  Minutes  of  Evidence  and  Appendices,  1891,  pages  28  and  33,  Questions 
Nos.  773  and  974. 
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THE   INSTITUTION   OF   MIXING   ENGINEERS. 


EIGHTEENTH  ANNUAL  GENERAL  MEETING, 
Held  in  the  University  Buildings,  Sheffield,  September  4th,  1907. 


Mr.  H.  C.  PEAKE,  Past-President,  in  the  Chair. 


Mr.  J.  R.  R.  Wilson  (H.M.  Inspector  of  Mines  and  President 
of  the  Midland  Institute  of  Mining,  Civil  and  Mechanical  Engin- 
eers), in  welcoming  the  members,  introduced  the  Lord  Mayor  of 
Sheffield  (Alderman  Robert  Styring),  Mr  A.  J.  Hobson,  repre- 
senting the  University  and  the  Chamber  of  Commerce,  and  Mr. 
AY.  F.  Beardshaw,  of  the  Engineering  and  Metallurgical  Society. 

The  Lord  Mayor  (Alderman  Robert  Styring),  on  behalf  of  the 
Corporation  and  Citizens  of  Sheffield,  offered  a  cordial  welcome  to 
the  members.  Recent  developments  in  connection  with  mining 
had  been  more  extraordinary  than  in  connection  with  any 
other  industry  in  Great  Britain,  particularly  with  reference 
to  the  applications  of  electricity,  and  the  results  of  the  efforts 
made  by  this  Institution  in  connection  with  the  training  of 
mining  engineers  were  very  patent  and  important.  The  de- 
crease in  the  number  of  deaths  from  explosions  in  coal-mines 
had  been  very  pronounced  during  the  past  twenty  years.  Dur- 
ing the  ten  years,  1887-1896,  the  deaths  from  explosions  in  coal- 
mines were  1,505  ;  and  for  the  succeeding  ten  years,  1897-1906, 
the  number  had  fallen  to  602,  so  that  there  was  an  enormous 
diminution,  arising  from  better  management  and  from  the 
fact  that  mining  engineers  and  those  connected  with  the  industry 
were  better  qualified  for  the  discharge  of  the  duties  devolving 
upon  them  than  was  the  case  in  the  earlier  period.  The  diminu- 
tion was,  of  course,  greater  than  it  seemed,  inasmuch  as  the 
number  of  persons  engaged  in  the  industry  during  the  last  ten 
years  must  be  considerably  larger  than  in  the  former  period. 
The  number  of  deaths  from  this  single  cause  had  fallen  from  an 
average  of  150  to  an  average  of  60  per  year,  no  less  than  60 
per  cent.  The  preservation  of  life  was  the  most  important 
feature,  but  an  explosion  could  not  occur  without  causing  great 
damage  to  the  mine  and  loss  to  the  proprietors,  and  if  there  were 
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fewer  explosions,  there  was  less  loss  attributable  to  that  cause. 
Consequently,  from  the  financial  aspect,  it  was  important  that 
those  who  were  engaged  in  carrying  on  the  mining  industry 
should  be  well  and  efficiently  trained.  He  expressed  the  hope 
that  the  proceedings  in  connection  with  the  annual  meeting 
would  be  of  the  most  satisfactory  nature  and  promote  the 
interests  of  the  great  industry  which  they  all  had  so  much  at 
heart. 

Mr.  A.  J.  Hobson,  on  behalf  of  the  Sheffield  Chamber  of 
Commerce,  extended  a  hearty  welcome  to  the  members.  Shef- 
field and  the  surrounding  districts  were  largely  concerned  in  coal- 
mining, which  represented  probably  the  preponderating  mining 
industry  of  the  country.  The  present  high  price  of  coal  had  an 
important  bearing  upon  the  industries  of  Sheffield  ;  but  they  must 
make  the"  best  of  the  present  situation,  in  the  hope  that  demand 
and  supply  would  adjust  themselves  without  too  serious  suffering 
on  the  part  of  other  industries.  The  removal  of  the  ex- 
port duty  had  undoubtedly  stimulated  the  export  of  coal;  and, 
without  wishing  to  express  any  opinion  as  to  the  imposition  of 
that  tax,  it  was  an  illustration  of  what  could  be  done  to  check  the 
sale  of  a  eoniniodity  by  an  impost  for  revenue-purposes  and  not  in- 
tended to  limit  trade. 

The  Chairman  (Mr.  H.  C.  Peake)  tendered  the  hearty  thanks 
of  the  members  to  the  Lord  Mayor,  Mr.  Hobson  and  others  for 
their  kindly  welcome  to  Sheffield.  One  of  the  advantages  of 
high  prices  for  fuel  was  that,  they  conduced  to  economy  in 
consumption,  and  when  once  these  economies  were  effected  they 
were  continued. 


ELECTION    OF   OFFICERS,    1907-1908. 

The  Secretaey  announced  the   election   of   officers   for  the 
ensuing  year  by  the  Council  as  follows:  — 

President. 
Mr.  C.  E.  Rhodes. 


Mr.  W.  Armstrong. 
Mr.  J.  Ashworth. 
Mr.  G.  J.  Binns. 
Mr.  T.  Douglas. 
Mr.  J.  T.  Forgie. 


Vice-Presidents. 
Mr.  R.  McLaren. 
Mr.  G.  May. 
Mr.  J.  H.  Merivale. 
Mr.  T.  W.  H.  Mitchell. 
Mr.  R.  T.  Moore. 


Mr.  J.  Newton. 
Mr.  W.  G.  Phillips. 
Mr.  J.  G.  Weeks. 
Mr.  R.  S.  Williamson. 
Mr.  J.  R.  R.  Wilson. 


134 


ANNUAL    REPORT    OF    THE    COUNCIL. 

Auditors. 
Messrs.  John  G.  Benson  &  Sons,  Newcastle-upon-Tyne. 

Treasurers. 
Messrs.  Lambton  &  Co.,  The  Bank,  Newcastle-upon-Tyne. 


Mr.  J.  J.  Turnbull  (India)  moved  a  vote  of  thanks  to  the 
retiring  President,  Vice-Presidents,  Councillors  and  Officers  for 
their  services  during  the  past  year. 

Mr.  Robert  Clive  seconded  the  resolution,  which  was 
cordially  adopted. 


The  Secretary  read  the  Annual  Report  of  the  Council  as 
follows :  — 

EIGHTEENTH  ANNUAL  REPORT  OF  THE  COUNCIL. 

The  Institution  of  Mining  Engineers  comprizes  the  following 
societies :  namely,  the  Manchester  Geological  and  Mining 
Society ;  the  Midland  Counties  Institution  of  Engineers ;  the 
Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers  ; 
the  Mining  Institute  of  Scotland  ;  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers;  the  North  Staffordshire 
Institute  of  Mining  and  Mechanical  Engineers;  and  the  South 
Staffordshire  and  Warwickshire  Institute  of  Mining  Engineers. 

The  progress  of  the  membership  since  the  formation  of  the 
Institution  in  1889  is  shown  in  the  following  table  :  — 


ear  ending 

No.  of 

No.  of 

No.  of 

July  31st, 

Honorary  Members.           Members. 

Non-federated. 

Totals. 

1890 

0 

1,189 

50 

1,239 

1891 

0 

1,187 

9 

1,196 

1892 

14 

1,401 

19 

1,434 

1893 

14 

1,519 

19 

1,552 

1894 

13 

2,055 

...       123 

2,191 

1895 

13 

2,197 

...       109 

2,319 

1896 

13 

2,288 

81 

2,382 

1897 

13 

2,434 

60 

2,507 

189S 

13 

2,449 

47 

2,509 

1899 

15 

2,430 

41 

2,486 

1900 

15 

2,432 

35 

2,482 

1901 

15 

2,509 

30 

2,554 

1902 

15 

2,556 

30 

2,601 

1903 

17 

2,645 

26 

2,688 

1904 

17 

2,742 

22 

2,781 

1905 

16 

2,944 

74 

3,034 

1906 

17 

2,972 

73 

3,062 

1907 

19 

3,020 

78 

3,117 
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Tlie  Annual  General  Meeting  of  the  Institution  was  held  in 
Hanley  on  September  12th,  13th  and  14th,  1906 ;  and  a  General 
Meeting  was  held  in  London  on  June  13th,  14th  and  15th,  1907. 
The  thanks  of  the  Institution  have  been  sent  to  the  owners  of 
works,  collieries,  etc.,  which  were  thrown  open  to  the  members 
attending  these  meetings. 

The  influence  of  the  Institution  would  become  more  effective, 
and  the  membership  considerably  increased,  if  members  would 
direct  the  attention  of  non-members  to  the  benefits  to  be  derived 
from  membership.  A  member  of  one  of  the  federated  institute- 
receives,  in  addition  to  the  proceedings  of  his  own  institute., 
those  of  the  six  other  federated  institutes  and  of  the  meetings  of 
The  Institution  of  Mining  Engineers. 

Prizes  have  been  awarded  to  the  writers  of  the  following 
papers,  which  are  printed  in  the  Transactions  (vols.  xxx.  and 
xxxi.) :  — 

"The  Mining  Fields  of  Southern  Ehodesia  in  1905."  By  Prof.  J.  W. 
Gregory. 

"Practical  Problems  of  Machine-mining.'"     By  Mr.  Sam  Mavor. 

"Bescue-apparatus  and  the  Experience  gained  therewith  at  the  Courrieres 
Collieries  by  the  German  Rescue-party."     By  Mr.  G.  A.  Meyer. 

"Description  of  the  Sinking  of  Shafts  through  Sand  at  Ardeer,  Ayrshire, 
by  the  Pneumatic  Process,  with  Notes  on  the  Subject  of  Caisson-ven- 
tilation and  Sickness."     By  Mr.  T.  H.  Mottram. 

"Commercial  Possibilities  of  Electric  Winding  for  Main  Shafts  and 
Auxiliary  Work."     By  Mr.  W.  C.  Mountain. 

"The  Value  of  Eossil  Mollusca  in  Coal-measure  Stratigraphy."  By  Mr. 
J.  T.  Stobbs. 

Addresses  have  been  delivered  during  the  year  by  Mr. 
Maurice  Deacon,  President  ot  The  Institution  of  Mining  Engin- 
eers; by  Mr.  Charles  Pilkington,  President  of  the  Manchester 
Geological  and  Mining  Society;  by  Mr.  J.  R.  E.  "Wilson,  Presi- 
dent of  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers ;  by  Mr.  John  Xewton,  President  of  the  Xorth  Staf- 
fordshire Institute  of  Mining  and  Mechanical  Engineers;  and 
by  Mr.  E.  A.  Grayston,  President  of  the  South  Staffordshire  and 
"Warwickshire  Institute  of  Mining  Engineers. 

The  papers  on  geology  include  the  following :  — 

"The  Ozokerite  (Mineral  Wax)  Mine  of  the  Galizische  Ereditbank,  at 
Boryslaw,  Galicia,  Austria."     By  Mr.  David  Macdonald  Chambers. 

"Gypsum  in  Sussex."  By  Messrs  W.  J.  Kemp  and  George  Alfred 
Lewis. 

"The  Hidden  Coal-fields  of  the  Midlands."     By  Prof.  Charles  Lapworth. 
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"Notes  on  the  Structural  Geology  of  South  Africa."  By  Dr.  C.  Sand- 
berg. 

'"New  Band  Gold-field,  Orange  River  Colony."  By  Mr.  Arthur  Robert 
Sawyer. 

"Deposits  in  a  Pit-fall  at  Tanfield  Lea,  Tantobie,  County  Durham."  By 
Dr.  J.  A.  Smythe. 

"Notes  on  Cauldon  Low  and  the  Manifold  Valley,  North  Staffordshire." 
By  Messrs.  John  Thomas  Stobbs  and  Edward  Brownfield  Wain. 
'  "The  Rock-salt  Deposits  at  Preesall,  Fleetwood,  and  the  Mining  Opera- 
tions therein."     By  Mr.  Frederick  J.  Thompson. 

"Gypsum,  and  its  Occurrence  in  the  Dove  Valley."  By  Mr.  T.  Trafford 
Wynne. 

Mining  engineering  has  been  the  subject   of  the   following 
papers :  — 

"C  Pit,  Monkwearmouth." 

"Water-supplies  by  means  of  Artesian  Bored  Tube-wells."  By  Mr. 
Herbert  F.  Broadhurst. 

"The  Thick  Coal  of  Warwickshire."     By  Mr.  James  Tardif  Browne. 

"Cast-iron  Tubbing:  What  is  its  Rational  Formula?"  By  Mr.  Henry 
Wallace  Gregory  Halbaum. 

"An  Account  of  Sinking  and  Tubbing  at  Methley  Junction  Colliery,  with 
a  Description  of  a  Cast-iron  Dam  to  Resist  an  Outburst  of  Water." 
By  Mr.  Isaac  Hodges. 

"The  Boultham  Well  at  Lincoln."     By  Mr.  William  McKay. 

"Sliding-trough  Conveyors."     By  Mr.  M.  Malplat. 

"Heading  by  Longwall  Machines."     By  Mr.  Sam  Mavor. 

"Polmaise  Collieries."     By  Mr.  James  Salmond. 

"Bowburn  Winning."     By  Mr.  Addison  Langhorne  Steavenson. 

"The  Importance  of  Scientific  Mining  in  the  Barnsley  District."  By  Mr. 
R.  Sutcliffe. 

"Sinking  through  Magnesian  Limestone  and  Yellow  Sand  by  the  Freez- 
ing-process at  Dawdon  Colliery,  near  Seaham  Harbour,  County  Dur- 
ham."    By  Mr.  Ernest  Seymour  Wood. 

The  following  papers  have  been  contributed  on  mechanical 
engineering :  — 

"Hauling  Arrangement  at  the  Face." 

"Improved  Constructions  of  Rails  and  Rail-joints  for  Collieries,  Mines 
and  Quarries."     By  Mr.  John  Bentley. 

"Notes  on  the  Feed-water  of  Colliery-boilers."  By  Mr.  Alfred  Eardley 
Cooke. 

"An  Appliance  for  Automatically  Stopping  and  Restarting  Mine- 
wagons."     By  Prof.  W.  Galloway. 

"Elliott  Washer  and  Hardy  Dust-extractor  and  Grinder."  By  Mr. 
Edward  Greaves. 

"The  Hanley  Cage  Guardian."     By  Mr.  Albert  Hanley. 

"The  Most  Suitable  Form  of  Guides  for  Cages  for  Winding  from  Deep 
Shafts :  1,500  Feet  and  Deeper."     By  Mr.  Augustus  John  Kennedy. 

"A  Rateau  Exhaust-steam-driven  Three-phase  Haulage  Plant."  By 
Mr.  William  Maurice. 
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"Effects  of  Acceleration  on  Winding-torques,  and  Test  of  Tarbrax  Elec- 
trical Winding-plant."     By  Air.  George  Ness. 

"The  Most  Suitable  Form  of  Guides  for  Cages  for  Winding  from  Deep 
Shafts:  1,500  Feet  and  Deeper."  By  Mr.  Xorman  Wilkinson  Rout- 
ledge. 

'•Boilers  for  Colliery  Purposes."     By  Mr.  Frederick  Charles  Swallow. 

"A  Diamond  Hand-boring  Machine.''*     By  Mr.  John  B.  Thomson. 

"Cage-lowering  Tables  at  New  Moss  Colliery."  By  Mr.  Thomas  Herbert 
'Wordsworth. 

Electricity  and  its  applications  have  been  discussed  in   the 

fallowing  papers:  — 

"Cost  of  an  Electrical  Unit  at  a    Colliery."     By  Mr.  Percy  C.  Greaves. 
"Recent  Improvements  in  the  Design  of  Electric  Cables  for  Collieries." 

By  Mr.  George  G.  L.  Preece. 
"Electric  Plant,  Axwell  Park  Colliery."     By  Mr.  Robert  Rutherford. 
"Walsall    Corporation     Electric    Supply."     By    Mr.     Sydney    Leonard 

Thacker. 
"Electric  Transmission  of  Power  at  the   Works  and   Collieries  of  the 

Grand  Hornu,  Belgium."     By  Mr.  E.  Troussart. 

The  following*  paper,  which  led  to  a  lengthy  discussion,  was 

contributed  on  the  subject  of  inland  navigation  : — - 

"Improvements  required  in  Inland  Navigation."  By  Mr.  Henry 
Rodolph  de  Salis. 

The  occurrence  of  fires  and  the  use  of  rescue-appliances  have 

been  described  in  the  following  papers  :  — 

"Experimental  Gallery  at  Altofts  Collieries." 

"Report  on  Rescue-work  done  by  Men  Wearing  Rescue-apparatus  in  the 

Experimental    Gallery    at   Messrs.    Pope    and   Pearson's    Collieries, 

Altofts,  on  March  23rd,  1907." 
"The  Pneumatogen :    The  Self-generating  Rescue-apparatus,   compared 

with  other  Types."     By  Mr.  Richard  Cremer. 
"The  Use  and  Care  of  Oxygen-breathing  Apparatus."     By  Mr.  Matthew 

Henry  Habershon. 
"A  Gob-fire  in  a  Shropshire  Mine."     By  Mr.  St.  Victor  Champion  Jones. 
"Liquid  Air  and  its  Use  in  Rescue-apjjaratus."     By  Mr.  Otto  Simonis. 

The  manufacture  of  coke  and  the  utilization  of  waste-heat 
from  coke-ovens  are  described  in  the  following  papers  :  — 

"A  Bye-product  Coking-plant  at  Clay  Cross."  By  Mr.  William  Birken- 
head Mather  Jackson. 

"Notes  on  Bye-product  Coke-ovens,  with  Special  Reference  to  the 
Koppers  Oven."     By  Mr.  Albert  Victor  Kochs. 

The  following  papers  have  been  contributed  on  mine  ventila- 
tion, mine-gases  and  colliery  explosions:  — 

"The  Courrieres  Explosion."  By  Mr.  William  Nicholas  Atkinson,  H.M. 
Inspector  of  Mines,  and  Mr.  Albert  Mayon  Henshaw. 
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"Experiments  Illustrative  of  the  Inflammability  of  Mixtures  of  Coal- 
dust  and  Air."  By  Dr.  Peter  Phillips  Bedson  and  Mr.  Henry 
Widdas. 

"Outbursts  of  Coal  and  Gas  in  the  Cockshead  Seam.  Shelton  Colliery." 
By  Mr.  Frank  Ernest  Buckley. 

"The  Application  of  Duplicate  Fans  to  Mines."  By  the  Rev.  George 
Marie  Capell. 

"Treatment  of  Dust  in  Mines,  Aboveground  and  Belowground."  By  Mr. 
Eichard  Harle. 

"The  Wolf  Safety-lamp."     By  Mr.  L.  H.  Hodgson. 

"Acetylene  Safety-lamps."     By  Mr.  L.  H.  Hodgson. 

"Tests  of  a  Mine-fan."     By  Mr.  John  B.  Thomson. 

The  miscellaneous  papers  comprize  :  — 
"Memoir  of  the  late  Sir  Lowthian  Bell,  Bart." 
"A  Stretcher  for  Use  in  Mines."     By  Mr.  John  F.  K.  Brown. 
"Barometer,  Thermometer,  etc..  Readings,  for  the  Year  1906."     By  Mr. 

Percy  Strzelecki. 
"Memoir  of  the  late  John  Daglish."     By  Mr.  M.  Walton  Brown. 
"The  Cook  Calorimetric  Bomb."     By  Mr.  Walter  Henry  Coleman. 
"Ferro-concrete  and  its  Applications."     By  Mr.  T.  J.  Gueritte. 
"The    Valuation    of   Mineral    Properties."        By   Mr.    Thomas    Aloysius 

O'Donahue. 
"Electro-barograph  for  Mines."     By  Mr.  B.  H.  Thwaite. 
"A  New  Pocket-transit."     By  Mr.  William  Denham  Yerschoyle. 

The  foregoing*  lists  demonstrate  the  varied  nature  of  the 
papers  (65)  communicated  during-  the  past  year  and  printed 
in  the  Transactions  (vols,  xxxii.  and  xxxiii.).  The  Council  trust 
that  members  will  continue  to  send  in  papers  as  liberally  as 
heretofore.  During  the  past  year,  "  Notes  of  Papers  (84)  on  the 
Working  of  Mines,  Metallurgy,  etc.,  from  the  Transactions  of 
Colonial  and  Foreign  Societies  and  Colonial  and  Foreign  Publi- 
cations," have  been  continued,  and  should  prove  of  value  to  the 
members. 

The  Institution  of  Mining  Engineers  for  many  years  has 
endeavoured  by  memorial  to,  and  interview  with,  the  Postmaster- 
general  to  obtain  a  reduction  in  the  rates  of  postage  on  the 
Transactions  of  scientific  and  learned  societies,  in  order  that 
the  present  excessive  difference  between  the  cost  of  postage  on 
weekly  and  periodical  publications  might  be  remedied.  The 
postage  on  the  Transactions  of  this  Institution  varies  from  2id. 
to  4d.  per  part,  and  the  total  cost  is  about  £450  for  12  issues 
per  annum,  representing  about  15  per  cent,  of  the  members' 
subscriptions.  The  Council  urge  that  the  cost  of  postage  for 
the  publications  of  scientific  societies,  as  may  be  approved  or 
registered  by  the  Postmaster-general,  shall  be  at  the  same  rate  as 
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registered  newspapers.  The  British  Science  Guild,  with  Sir 
Alexander  Pedler  as  honorary  secretary,  have  undertaken  the 
work  of  carrying  on  the  agitation  for  reduced  postage,  and 
the  Council  trust  that  they  may  soon  be  able  to  report  that  the 
efforts  of  the  Guild,  supported  by  scientific  and  learned  societies, 
have  proved  successful. 

For  many  year-  past  the  Transactions  of  this  Institution  have 
been  allowed  to  enter  the  United  States  of  America  free  of  customs 
duty,  as  a  result  of  the  interview,  in  1S98,  between  Mr.  E.  P. 
Rothwell  (acting  on  behalf  of  thi>  Institution)  and  the  Collector  of 
Customs  at  the  Port  of  New  York.  Recently,  however,  duty  at 
the  rate  of  25  per  cent,  was  charged  on  a  large  package  of 
Transactions  forwarded  to  a  gentleman  in  Michigan,  and  three 
smaller  parcels  forwarded  to  a  member  in  California  were  also 
endorsed  as  liable  to  customs  duty.  After  lengthv  correspond- 
ence with  the  forwarding  agents,  custom  house  officials  and  the 
postal  authorities,  the  Council  are  pleased  to  report  that  an  official 
communication  has  been  received  from  the  Post-office  Department 
at  "Washington,  stating  that  under  Section  38  of  the  existing  regu- 
lations of  the  Treasury  Department  (Treasury  Department 
Circular  Xo.  17  of  March  1st,  1907),  customs  officers  are  required 
to  prepare  mail  entries  for  similar  packages,  noting  thereon  the 
fact  that  such  packages  contain  articles  which  are  probably  free 
under  Paragraph  501  of  the  Tariff  Act  of  July  24th,  1907,  which 
packages  are  then  forwarded  to  the  Postmaster  at  the  place  of 
delivery,  to  be  delivered  upon  the  execution  of  the  oath  prescribed 
by  the  Treasury  Department.  The  Council  hope,  therefore,  that 
no  further  trouble  may  be  experienced  by  members  resident  in  the 
United  States  of  America  in  respect  of  customs  duty :  but  in  case 
duty  should  be  charged,  a  protest  should  be  made  at  once  by  the 
individual  member,  who  should  also  advise  the  Secretary  of  this 
Institution,  in  order  that  the  matter  may  be  taken  up  at  once  with 
the  customs  house  officials. 

Mr.  Arthur  Sopwith,  senior  Past-President  of  the  Institu- 
tion, will  represent  the  Institution  on  the  governing  body  of 
the  Imperial  College  of  Science  and  Technology,  London,  for  a 
period  expiring  in  1911. 

Mr.  J.  A.  Longden  represented  the  Institution  at  the  meeting 
of  Delegates  of  Corresponding  Societies  of  the  British  Associa- 
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tiou  for  the  Advancement  of  Science  held  in  York,  in  August, 
1906,  and  at  Leicester  in  July  and  August,  1907. 

Mr.  Bennett  H.  Brough  represented  the  Institution  at  the 
Congress  of  the  International  Association  for  Testing  Materials 
held  in  Brussels  in  September,  1906,  and  his  report  of  the 
proceedings  has  been  printed  in  the  Transactions. 

Mr.  G.  E.  Coke  will  represent  the  Institution  at  the  centenary 
celebrations  of  the  Geological  Society  of  London,  to  be  held  on 
September  26th,  27th  and  28th,  1907,  and  will  present  an  address. 

Mr.  Hugh  Johnstone,  H.M.  Inspector  of  Mines,  has  been 
elected  an  honorary  member  of  the  Institution  during  his  term 
of  office. 

Members  of  the  Institution  of  Mining  Engineers  may  pur- 
chase copies,  at  privileged  rates,  of  the  Transactions  of  the  follow- 
ing Corresponding  Societies :  — The  Australasian  Institute  of 
Mining  Engineers,  the  Canadian  Mining  Institute,  and  the 
Mining  Society  of  Nova  Scotia. 

The  thanks  of  the  members  are  due  to  the  Xorth  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  who  have  pro- 
vided, as  hitherto,  free  of  charges,  offices  and  stock-rooms,  and 
other  facilities,  during  the  past  year. 


BOOKS,  Etc,  ADDED  TO  THE  LIBRARY. 

Annales  des  Mines  de  Belgique,  Bruxelles.     Vol.  xi.,  No.  4;  vol.  xii.,  Nos.  1  and 

2  ;  and  Tables  Generates  des  Dix  Premiers  Volumes,  1896  to  1905. 
Australasian  Institute  of  Mining  Engineers,  Melbourne.     Transactions,  vol  xi. 
British  Association  for  the  Advancement  of  Science,   London.      Report  of  the 

Seventy-sixth  Meeting,  held  at  York  in  August,  1906. 
British  Society  of  Mining  Students,  Bristol.     Journal,  vol.  xxviii.,  Nos.  1-6. 
Chemical,    Metallurgical   and   Mining   Society    of   South   Africa,    Johannesburg. 

Journal,  vol.  vi.,  Nos.  11  and  12;  and  vol.  vii.,  Nos.  1-12. 
•Cory  Brothers  &  Company,  Limited,  Cardiff.     British  Coal  and  Freight  Circular 

and  General  Export  List,  August  31st,  1906,  to  July  31st,  1907. 
Cuerpo  de  Ingenieros  de  Minas  del  Peru,  Lima.     Boletin,  Nos.  37-40,  42  and  43. 
Engineering   and   Mining   Journal,   New   York   City.      Vol.  lxxxii. ,  Nos.  6-26 ; 

vol.  lxxxiii.,  Nos.  1-26  ;  and  vol.  lxxxiv.,  Nos.  1-5. 
Engineering  Times,  London.     Vol.  xvi.,  Nos.  1S4-202  ;   vol.  x vii. ,  Nos.  203-228  ; 

and  vol.  xviii.,  Nos.  229-235. 
Franklin  Institute  of  the  State  of  Pennsylvania,   Philadelphia.      Journal,   vol. 

clxii.,  Nos.  2-6;  vol.  clxiii.,  Nos.  1-6;  and  vol.  clxiv.,  No.  1. 
Geological  Institution  of  the  University  of  Upsala,  Upsala.     Bulletin,  vol.   vii., 

Nos.  13  and  14. 
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Institution  of  Mining  and  Metallurgy,  London.     Transactions,  vol.  xv. 
Massachusetts  Institute  of  Technology,   Society  of  Arts,    Boston.      Technology 

Quarterly,  vol.  xix.,  Nos.  2-4;  and  vol.  xx.,  Nos.  1  and  2. 
Mining  Society  of  Nova  Scotia,  Halifax.     Transactions,  vol.  x. 
New  South  Wales,  Department  of  Mines,  Sydney.     Annual  Report,  1906. 
New  Zealand,  Department  of  Mines,  Wellington.     Annual  Report,  1906. 
Queensland,  Department  of  Mines,  Brisbane.     Annual  Report,  1906. 
Queensland  Government  Mining  Journal,  Brisbane.      Vol.  vii.,  Nos.  73-79;    and 

vol.  viii.,  Nos.  80-85. 
South  Wales  Institute  of  Engineers,  Cardiff.     Proceedings,  vol.  xxv.,  Nos.  1-4. 
United  States,  Geological  Survey,  Washington.     Annual  Reports,  1905-1906. 
— ,  — ,  — .     Bulletin,  Nos.  275-308. 

— ,  — ,  — .     Mineral  Resources  of  the  United  States,  1905. 
— ,  — ,  — .     Monographs,  No.  1. 
— ,  — ,  — .     Professional  Papers,  Nos.  46-55. 
— ,  — ,  — .     Water-supply  and  Irrigation  Papers,  Nos.  155-194. 


EXCHANGES. 

Annales  des  Mines  de  Belgique. 

Australasian  Institute  of  Mining  Engineers. 

British  Association  for  the  Advancement  of  Science. 

British  Society  of  Mining  Students. 
*Canadian  Mining  Institute. 

Chemical,  Metallurgical  and  Mining  Society  of  South  Africa. 

Cuerpo  de  Ingenieros  de  Minas  del  Peru. 

Franklin  Institute  of  the  State  of  Pennsylvania. 

Geological  Institution  of  the  Universit}-  of  Upsala. 
*Geological  Survey  of  Canada. 

*  Institution  of  Mechanical  Engineers. 
Institution  of  Mining  and  Metallurgy. 

*Lake  Superior  Mining  Institute. 

*  Maryland  Geological  Survey. 
Massachusetts  Institute  of  Technology. 
Mining  Society  of  Nova  Scotia. 

*Missouri,  Bureau  of  Geology  and  Mines. 

New  South  Wales,  Department  of  Mines  and  Agriculture,  Geological  Survey. 
*North-east  Coast  Institution  of  Engineers  and  Shipbuilders. 
*Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc. 
*Rugby  Engineering  Society. 
*Sociedad  Nacional  de  Mineria  de  Chile. 

South  Wales  Institute  of  Engineers. 
*Transvaal,  Department  of  the  Mining  Commissioner. 

United  States  Geological  Survey. 

*  No  publications  received  during  the  current  j'ear. 
July  31st,  1907. 
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2)r.  The  Treasurers  en  account  with 

For  the  Year 


£   s. 

d.   £  s.  d. 

1,000  0 

170  17 

731  6 

5  7 

5 
1 
3 
—  1.907  10  9 

July  31,  1907. 

,To  Balance,  from  last  year,  made  up  as  follows  : — 
Investment  with  River  Tyne  Commission 
Balance  at  Bank,  Current  Account 

„.  „        Deposit  Account  

,,         in  Cashier's  hands  ... 

To  Subscriptions  for  the  Year  ending  July  31st.  1905 — 
Federated — 
South     Staffordshire     and    Warwickshire     Institute    of 

Mining  Engineers ...         ...         ...         ...         1   18     0 

Noit  -fede  rated — 
Manchester  Geological  and  Mining  Society 
Added  during  year  

To  Subscriptions  for  the  Year  ending  July  31st,  1906 — 
Federated — 
Manchester  Geological  and  Mining  Society 
Midland  Counties  Institution   of  Engineers 
Midland    Institute   of    Mining,    Civil   and    Mechanical 

Engineers    ...         ...         

Mining  Institute  of  Scotland  

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers    ... 
North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers    ... 
South    Staffordshire    and    Warwickshire     Institute   of 

Mining  Engineers 

Non-federated — 
Manchester  Geological  and  Mining  Society 

Added  during  year         ...         ...         

To  Subscriptions  for  the  Year  ending  July  31st,  1907 — 
Federated — 
Manchester  Geological  and  Mining  Society 
.     Midland  Counties  Institution  of  Engineers 

Midland    Institute   of    Mining,    Civil  and    Mechanical 

Engineers    ...         ...         ...  

Mining  Institute  of  Scotland  

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers 1.159  19     0 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers 143     9     0 

South    Staffordshire    and    Warwickshire     Institute    of 

Mining  Engineers  ...         ...         ...         ...         ...         85  10     0 

2.679  19     0 

Non  -fede  rated — 
Manchester  Geological  and  Mining  Society         ...         ...         25     0     0 

Mining  Institute  of  Scotland  ...         ...  8     00 

33     0     0 


9  0 

0 

1  0 

0 

10 

0 

0 

66  10 

0 

13  6 

0 

4  15 

0 

2  17 

0 

118  15 

0 

23  15 

0 

53  4 

0 

283 

2 

0 

3  0 

0 

1  0 

0 

4 

0 

0 

174  16 

0 

304  19 

0 

325  17 

0 

485  9 

0 

Carried  forward      £4.919     9     9 
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ending  July  31.  1907. 

July  31.  1907.  £     s.     d.     £     s.     d.     £      s.    d.      £      s.    d. 

By  Printing — 

Tra nsact ions.  vol.  xx viii..  printing     -15     5     5 
„  ..       „         plates  ...      0  15     0 

46     0     5 

„  ,,    xxix.,    printing    102     3     S 

„  .,       ..         plates  ...     76  17     6 

179     1     2 

„  ..    xxx..     printing   222     0     2 

,,  .,       ,.         plates  ...    52  11   11 

274  12     1 

„  ..    xxxi..    printing    294     8     6 

„  ,.      .,        plates  ...    87     9     6 

381    18     0 

„  ..    xxxii.,  printing    449  12     0 

.,  ,,       „        plates  ...  268     4  11 

717  16   11 

„  ..  xxxiii.,  printing    199     8     0 

.,  .,      .,        plates   ...    52     1     8 

251     9     8 

1.850  18     3 


Excerpts,  vol.  xxix.            ...         ...         5     2  0 

„             „    xxx.             ...         ...         15  18  9 

„             .,    xxxi.            ...          ...         49     S  0 

„              .,    xxxii 67     2  2 

„             .,    xxxiii.          ...          ...          21     0  7 

158  11     6 

Proofs  of  Papers  for  General  Meetings  20     7     3 

Circulars        ...         ...         ...          ...          14     0     7 


2.043  Vi 


„   Addressing  Transactions,  etc.  ...  ...  ...  ...         69     1     0 

.,   Postages — Circulars           ...  ...  ...  6  6  10 

„            Correspondence  ...  ...  20  15     2 

,           „             Transactions    ...  ...  ...  548  1      3 

575     3     3 

.    Stationery,  etc.        ...         ...  ...  ...  ...  ...         71     6     1 

,   Insurance  of  Transactions,  etc.  ...  ...  ...  ...           5     5     9 

,    Binding — Library    ...         ...  ...  ...  2  15 

,          „          Sundries...         ...  ...  ...  0  5     0 

,           .,           Transactions      ...  ...  ...  32  1      1 


34     7     6 

,    Reporting  of  General  Meetings    ...         ...         31     9     6 

.    Expenses  of  General  Meetings     ...         ...         ...         ...         29     9     0 


Carried  forward  £816     2     1  £2.043  17     7 
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ACCOUNTS. 

The  Treasurers  in  account  with 


Brought  forward    ... 
To  Local  Publications  and  Authors'  Copies — 
The  Institution  of  Mining  Engineers... 
Manchester  Geological  and  Mining 

Society  £19     2     6 

Less  allowance     ...         ...  1   12     6 


Midland  Counties  Institution  of  Engineers  ... 

Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers 

Mining  Institute  of  Scotland    ... 

North  of  England  Institute  of  Mining  and 
Mechanical  Engineers 

North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers 

South  Staffordshire  and  Warwickshire  Insti- 
tute of  Mining  Engineers 


To  Sales  of  Transactions,  etc. — 

The  Institution  of  Mining  Engineers  ... 

Manchester  Geological  and  Mining  Society   ... 

Midland  Counties  Institution  of  Engineers  ... 

Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers  

Mining  Institute  of  Scotland 

North  of  England  Institute  of  Mining  and 
Mechanical  Engineers 

North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers 

South  Staffordshire  and  Warwickshire  Insti- 
tute of  Mining  Engineers      


£     s.    d. 

£     s.    d.     £      s.     d. 

4,919     9     9 

1905-1906. 

1906-1907. 

0  10     6 

68     I  10 

17 

10 

0 

28 

10 

1 

0 

0 

0 

1 

5 

2 

0 

0 

0 

11 

1 

10 

0 

0 

0 

6 

9 

4 

0 

0 

0 

24 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

19 

6 

18 

0 

6 

uo 

10 

10 

19051906. 

1906-1907. 

3 

6 

6 

125 

8 

6 

0 

2 

11 

8 

11 

1 

0 

0 

0 

9 

6 

3 

0 

0 

0 

7 

5 

3 

0 

0 

0 

7 

5 

3 

4     0     0       46     1     3 


0     0     0       16     6     3 


4  13     8       13     6     3 


158  11     4 


12 


1     233  10     1 


245  13     2 


To  Advertizements  (less  commission) 
To  Address  Labels 
To  Interest  on  Deposit  Account 
To  Income  from  Investments    ... 


621  17     9 

4  6     6 

30  11  11 

38  0     0 


694  16     2 


£6.018  10     5 
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£  s.  d.     £      s.    d. 

Brought  forward  Sir,     2  12,043  17     7 

By  Incidental  Expenses  ...         ...         ...         23  19  5 

,,    Salaries,  Wages,  Auditing,  etc.    ...         794     3  8 

,,    Indexing  Transactions       ...  ...         ...  ...         ...         58  15  6 

.,    Travelling  Expenses  ...         ...         ...         ...         ...         15     5  0 


1.7( 


By  Translations  of  Papers        12  10     6 

„    Abstracts  of  Foreign  Papers,  vol.  xxix.  30     9  10 

„  ,.  ,.  „    xxx.  27  10     0 

57  19  10 


Barometer  Readings,  etc.  ...      '   ...         1   18     6 

Calendars      ...         ...         ...         ...         ...         ...         ...         18     7     6 

Prizes  for  Papers,  vols.  xxvi.  and  xxvii.  5     0     0 

„  „     xxx.  and  xxxi.    ...         11     5     0 

16     5     0 


By  Furniture      34     6     5 

„    Rates  and  Taxes      0     8  10 

„    Rent 7  10     0 


107     1     4 


42 


By  Adjustment  of  Excerpts  : — 

Manchester  Geological  and  Mining  Society    ... 
Mining  Institute  of  Scotland 

By  Balance  made  up  as  follows  :— 

Investments  with  River  Tyne  Commissioners 
Balance  at  Bank,  Current  Account 

,,  „     Deposit  Account,  including  Interest 

in  Cashier's  hands 


We  have  examined  the  above  account  of  receipts  and  payments, 
with  the  books  and  vouchers  relating  thereto,  and  certify  that  in 
our  opinion  it  is  correct. 

John  G.  Benson  &  Sons. 

Chartered  Accountants. 


4     2 

5 

3   12 

2 

.000    0 

0 

205     1 

10 

884  18 

0 

19     6 

2 

3.901     9  10 


7  14     7 


2.109     6    0 


Newcastle-upon-Tyne. 

August  \0th,  1907. 


£6,018  10     5 
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ACCOUNTS. 


The  Institution  of 
Balance  Sheet. — 


liabilities. 

July  31,  1907. 
Sundry  Creditors — 

Ad vertizements  paid  in  Advance  

Printing,  etc. 

Postage  of  Transactions    ... 

Abstracts  of  Foreign  Papers  in  Volumes  xxxi.,  xxxii 
and  xxxiii. ... 

Barometer  Readings  ...         ...         

Prizes  for  Papers  in  Volumes  xxx.,  xxxi.,  xxxii.,  and 
xxxiii. 

Indexing  Volumes  xxxi.,  xxxii.,  and  xxxiii.    ... 

Balance  of  Assets  over  Liabilities,  exclusive  of  the  Value 
of  the  Stock  of  Transactions,  etc. 


£    s.  d. 

21     6  3 

1,160     0  0 

175     0  0 

93  15  0 

13     5  0 

48  15  0 

63     0  0 


£     s.   d. 


1,575     1     3 

969  13     7 


We  have  examined  the  above  Balance  Sheet,  with  the  books 
and  vouchers  relating  thereto,  and  certify  that  in  our  opinion  it 
exhibits  a  correct  view  of  the  affairs  of  the  Institution. 
John  G.  Benson  &  Sons, 

Chartered  Accountants. 

Newcastle-upon-Tyne, 

February  25th,  190S. 


£2,544  14  10 
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Mining  Engineers. 
July  31.  1907. 


Hssets. 

July  31,  1907.  £  s.    il. 

Balance  at  Bank,  Current  Account          205  1    10 

.,           ..             Deposit  Account,  including  Interest  884  18     0 

„        in  Cashier's  hands            ...         ...         ...         ...  19  6     2 

Investment  with  River  Tyne  Commission    ...         ...         ...  1.000  Ci     0 

„                            ,,                   ,,            ,  Interest  to  date  11  2     9 


Subscriptions  for  the  Year  ending  July  31,  1905,  Unpaid — 
Non-federated — 
Manchester  Geological  and  Mining  Society         ...  ..         2  10     0 

Subscriptions  for  the  Year  ending  July  31,  1906,  Unpaid — 
Non-federated — 
Manchester  Geological  and  Mining  Society         ...         ...         4     0     0 


2.120     8     9 


2  10     0 


4     0     0 


Subscriptions  for  the  Year  ending  July  31,  1907,  Unpaid — 
Federated — 
Manchester  Geological  and  Mining  Society      ...         ...         19     0     0 

Midland  Counties  Institution  of  Engineers       ...         ...         19  19     0 

Midland  Institute  of   Mining,   Civil   and    Mechanical 

Engineers  ...         ...         ...         ...         ...         ...  7  12     0 

Mining  Institute  of  Scotland       4  15     0 

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers...         ...         ...         ...         ...         ...         ...         94     1     0 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers...         ...         ...         ...         ...         ...         ...         18     1     0 

South   Staffordshire   and    Warwickshire    Institute   of 

Mining  Engineers  ...         ...         ...         ...         ...         25  13     0 


Non-federated — 

Manchester  Geological  and  Mining  Society        ...         ...         6  10     0 

Mining  Institute  of  Scotland         0  10     0 


Local  Publications  and  Authors'  Copies.  Unpaid — 

Institution  of  Mining  Engineers ...         ...  0  15 

Midland    Institute  of    Mining,  Civil  and    Mechanical 

Engineers  ... 
Mining  Institute  of  Scotland        

Transactions  Sold,  Unpaid — 

Institution  of  Mining  Engineers 

Midland  Counties  Institution  of  Engineers 

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers...         ...         

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers... 
South    Staffordshire   and   Warwickshire    Institute    of 

Mining  Engineers 

Advertizements,  Unpaid 


1S9     1     0 


7     0     0 


3     6 

7 

1     2 

o 

4 

1 

0     2 

6 

8  19 

0 

2     0 

0 

7   19 

0 

8  15 

8 

27 
188 

16 
14 

2 
10 

£2.544   14  10 
15 
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The  President  (Mr.  C.  E.  Bliodes),  in  taking-  the  Chair, 
thanked  the  members  for  the  high  honour  which  they  had  con- 
ferred upon  him.  It  was  nearly  twenty  years  since  the  Insti- 
tution first  visited  Sheffield.  At  that  time  he  was  President  of 
the  Midland  Institute  of  Mining,  Civil  and  Mechanical  Engin- 
eers, and  the  federation  of  the  various  institutions  was  in  its 
infancy.  Very  great  strides  had  been  made  since  then,  and  min- 
ing engineers  generally  would  admit  that  great  good  had  resulted 
from  the  federation  of  the  various  Institutes,  which  had  then  been 
recently  brought  about.  Meetings  in  different  districts  had  been 
held  from  time  to  time,  and  the  exchange  of  ideas  between  the 
institutes  had  undoubtedly  brought  prominently  before  individual 
members  knowledge  that  had  been  obtained  by  the  researches  of 
not  only  their  own  local  institute,  but  of  members  of  other 
Societies :  and  that  knowledge  had  resulted  in  materially  improv- 
ing and  increasing  the  safety  of  the  large  population  which  was 
now  employed  in  the  mines  of  this  country,  and  for  which  mining 
engineers  and  colliery  managers  were  responsible.  The  legisla- 
tion which  had  conduced  to  the  enactment  of  improved  rules  in 
connection  with  mining  operations  had  to  a  great  extent  been 
initiated  by  the  researches,  investigations,  and  labours  of  their 
institutes.  He  sincerely  hoped  their  deliberations  would  show 
that  The  Institution  of  Mining  Engineers  was  not  standing  still, 
but  progressing;  and  he  would  do  all  in  his  power  to  further  its 
progress. 

REPORT  OF  THE  DELEGATE  TO  THE  CONFERENCE  OF 
DELEGATES  OF  CORRESPONDING  SOCIETIES  OF 
THE  BRITISH  ASSOCIATION  FOR  THE  ADVANCE- 
MENT OF  SCIENCE,  LEICESTER,  1907. 

The  report  of  Mr.  J.  A.  Longden,  representing  the  Institu- 
tion, was  read  as  follows  :  — 

Staxton-by-Dale, 

Nottingham, 

August  6th,  1907. 
To  the  President  and  Council  of 
The  Institution  of  Mining  Engineers. 
Gentlemen, 

I  attended  the  Conference  of  Delegates  at  Leicester  to-day,  there  being 
about  fifty  members  present,  a  much  larger  number  than  usual.  The  meeting 
was  presided  over  by  Mr.  H.  J.  Mackinder,  who  delivered  an  Address  on  "The 
Advancement  of  Geographical  Science  by  Local  Scientific  Societies."     In  the 
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course  of  his  Address,  lie  stated  that  in  France  there  are  some  twenty  local  geo- 
graphical societies,  which  hold  an  annual  conference,  and  many  valuable  local 
geographical  studies  have  emanated  from  these  societies.  The  same  is  also 
true  of  Germany. 

Mr.  Mackinder  urged  the  study  of  local  land  forms,  local  drift  geology, 
local  climate,  etc.,  and  the  collection  of  information  bearing  on  these  subjects, 
with  a  view  to  its  adequate  mapping.  As  a  matter  of  experience,  only  persons 
of  special  geographical  training  could  accomplish  the  desired  result,  and  he 
suggested  that  each  society  undertaking  a  share  of  the  work  should  either 
find  or  have  trained  a  leader  whose  special  function  it  should  be  to  correlate 
from  a  geographical  point  of  view  the  work  of  the  various  specialists,  and  to 
draw  deductions  from  his  correlation  for  the  guidance  of  the  specialists  in 
their  further  work.  Local  investigation  would  thus  be  co-operative,  and  the 
results  would  be  synthetic.  Sidelights  would  be  "thrown  on  all  manner  of 
special  studies,  and  incidentally  geographical  and  other  teaching  in  the 
local  schools  would  be  placed  on  a  sound  "home"  basis.  The  thorough  geo- 
graphical description  of  our  country  as  a  whole  is  impossible  until  this  local 
spade  work  has  been  done  imiformly  through  the  country. 

Dr.  Theodore  Groom  wrote  that  the  committee  of  Section  C  (Geology) 
had  decided  to  recommend  to  the  corresponding  societies  that  the  local  work 
connected  with  the  Section  should  embrace  the  following: — (1)  Further  investi- 
gations on  drift;  (2)  the  watching  of  new  sinkings  and  borings,  and  the 
examination  of  cores;  (3)  the  collecting  of  local  terms  applicable  to  geology 
and  geography. 

Mr.  W.  Whitaker  supported  this  recommendation,  and  especially  solicited 
the  aid  of  provincial  societies  in  recording  the  meaning  of  local  terms  applied 
to  geological  objects. 

I  made  no  comment  with  regard  to  Mr.  Groom's  recommendations,  but 
consider  that  when  a  person  has  expended  the  sum  of,  say,  ,£5,000  in  putting 
down  a  bore-hole,  he  is  not  generally  very  anxious  for  everyone  to  know  what 
he  has  discovered. 

I  am,  Gentlemen, 

Yours  truly, 

J.  A.  LONGDEN. 


Mr.  Robert  Clive  read  the  following  paper  on  "  The  Sinking 
of  Bentley  Colliery":  — 
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THE  SINKING  OF  BEXTLEY  COLLIEBY. 


By  J.  W.  FRYAR  and  ROBERT  CLIVE. 


Thickness 

of  strata. 

Feet. 

Depth  from 
Surface. 

Feet. 

50 

50 

115 

165 

335 

500 

1,347 

1,847 

Bentley  colliery,  the  property  of  Messrs.  Barber,  "Walker  and 
Company,  is  situated  2|  miles  north  of  Doncaster,  on  the  western 
side  of  the  Great  Northern  main  line  of  railway.  The  shafts 
are  situated  in  the  centre  of  the  royalty,  and  practically,  the 
whole  area  is  covered  with  a  thick  layer  of  quicksand. 

The  Coal-measures  and  the  Barnsley  coal-seam  were  proved 
by  the  Bentley  bore-hole  (Table  I.)  in  1893. 

Table  I. — Section  of  Strata  in  the  Bentley  Bore-hole. 

No.  Description  of  Strata. 

1  Alluvial  deposits  :  quicksand 

2  Trias:  sandstones  and  marls 

3  Permian:  limestone  and  marls 

4  Coal-measures  :  to  Barnsley  coal-seam 

The  site  of  the  bore-hole  is  close  to  the  present  shafts. 

Sinking  of  No.  2  Pit. — It  was  decided  to  sink  through  the 
50  feet  of  quicksand,  by  lowering  bolted  cast-iron  tubbing,  to- 
gether with  steel  piles,  grooved  and  tongued  into  each  other, 
forming  a  complete  circle  round  the  outside  of  the  bottom  ring, 
and  sliding  on  the  back.  The  piles  were  pushed  downward  by 
pressure  applied  against  the  bottom  flange  of  the  bottom  ring  ; 
the  tubbing  was  then  lowered  down,  sliding  inside  the  piles,  and 
additional  rings  of  tubbing  were  added  at  the  top.  The  tubbing 
was  supported  at  the  top  by  screws,  with  cast-steel  shoes  bolted 
to  the  top  ring.  The  shoes  were  attached  to  vertical  girders 
built  into  the  sides  of  a  cement-concrete  block :  6  feet  thick,  50 
feet  square,  and  pierced  with  a  hole,  23  feet  in  diameter,  in  the 
centre.  The  tubbing,  20  feet  in  inside  diameter,  6  inches  wide  on 
the  bed,  and  1  inch  thick,  was  fitted  with  inside  flanges  and  bolted 
together  with  bolts,  f  inch  in  diameter.  The  piles,  72  in  num- 
ber and  8  feet  long,  were  built  of  mild  steel-plates,  with  a  total 
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thickness  of  lj  inches.  The  sinking  of  Xo.  2  pit  was  started  on 
October  9th,  1905,  and  a  depth  of  50  feet  was  attained  in 
December,  1905.  According  to  the  bore-hole,  the  Triassic  sand- 
stone should  have  been  reached  at  this  depth,  but,  as  nothing 
but  quicksand  was  met  with,  a  bore-hole  was  put  down  in  the 
pit-bottom,  and  the  Triassic  sandstone  was  found  at  a  depth  of 
100  feet  instead  of  50  feet.  It  was  then  decided  to  stop  sinking, 
as  the  tubbing  was  not  circular  and  several  of  the  plates  had 
been  cracked. 

A  start  was  again  made  from  the  surface,  outside  the  pit, 
20  feet  in  diameter,  with  a  pit.  23  feet  in  diameter,  and  with 
stronger  tubbing  and  piles :  several  additions  and  alterations 
being  made  to  the  original  scheme. 

Tubbing. — The  segments  of  tubbing,  A,  1  foot  9  inches  deep, 
Sh  inches  wide  on  the  bed  and  li  inches  thick,  were  bolted  together 
with  sheeting.  §  inch  thick,  between  each  joint.  There  were 
twelve  segments  in  each  ring,  and  each  ring  was  stayed  diagonally 
with  four  tie-rods,  k,  lj  inches  in  diameter. 

The  top  ring  of  tubbing  was  supported  by  twelve  steel 
screws,  /,  2|-  inches  in  diameter,  each  fitted  into  a  shoe,  m, 
bolted  to  the  top.  at  equal  distances  apart.  The  screws  passed 
through  compound  girders  B  and  C,  laid  on  timber  packings,  D, 
across  the  top  of  the  cement-concrete  block,  dividing  the  pit  into 
four  equal  parts  (figs.  1  and  2,  plate  viii.). 

Steel  Piles. — The  piles,  IS  feet  long,  were  grooved  and 
tongued  into  each  other  and  built  of  niild-steel  plates,  a,  h.  and  e, 
and  f,  g,  and  h.  with  a  T  iron,  </,  8  by  4  inches  on  the  back :  the 
whole  being  bolted  together  with  countersunk  bolts,  e,  9  inches 
apart  (figs.  4.  5,  and  6,  plate  viii.).  Each  pile  had  a  T  slot,  /, 
in  the  centre,  down  the  whole  of  its  length,  to  allow  of  a  T  bolt 
being  inserted  through  the  holes  in  the  segments  to  keep  the  piles 
close  to  the  back  of  the  tubbing.  Two  holes,  j,  1T9^  inches  in 
diameter,  were  drilled  between  each  pair  of  countersunk  bolts,  e, 
for  the  insertion  of  plugs  when  jacking.  These  holes  Avere  only 
drilled  through  the  three  plates,  and  not  through  the  T  bar  at 
the  back.  Ninety-six  piles  formed  a  complete  circle,  24  feet  5 
inches  in  inside  diameter,  fitting  closely  against  the  back  of  the 
tubbing. 


THE    SIXKIXG    OF    BEXTLEY    COLLIERY.  J  53 

Guide-ring. — A  strong-  cast-iron  guide-ring*  (fig.  7,  plate 
viii.)  is  fitted  inside  the  piles,  below  the  tubbing :  this  ring 
being  always  jacked  down  on  to  the  sand  immediately  after  exca- 
vating, so  as  to  keep  it  as  near  to  the  toes  of  the  piles  as  possible 
and  to  prevent  them  from  leading  in.  The  ring  was  built  of 
twelve  segments,  2  feet  6  inches  deep,  12  inches  wide  on  the  bed 
and  lh  inches  thick,  bolted  together  at  each  joint,  without  sheet- 
ing, with  steel  bolts,  1^  inches  in  diameter.  The  segments  were 
machined  on  their  ends ;  and  four  tie-rods,  lh  inches  in  diameter, 
were  fastened,  in  the  same  manner  as  in  the  tubbing.  Steel  T 
bars,  bolted  to  the  back  of  the  ring,  fitted  into  the  slots  in  the 
piles. 

Rings  of  tubbing,  built  upon  this  guide-ring,  were  lifted  by 
hydraulic  jacks,  and  bolted  to  the  lowest  ring  of  the  tubbing  : 
the  space  taken  up  by  the  sheeting,  §  inch  thick,  being  sufficient 
to  allow  the  last  segment  to  be  put  in  from  the  front. 

The  guide-ring  was  put  together  in  position  on  balks  laid 
across  the  top  of  the  shaft,  and  the  steel  piles  were  fitted  in. 
It  was  then  lowered  down  to  the  bottom  of  the  piles.  The  guide- 
ring  weighed  IT  tons ;  the  piles,  1  ton  each ;  and  a  ring  of  tub- 
bing, 8|  tons. 

Figs.  1,  2  and  3  (plate  viii.)  show  the  general  arrangement 
of  the  piles,  the  tubbing,  and  the  guide-ring.  The  piles  were 
first  jacked  down,  the  sand  excavated,  and  the  guide-ring  jacked 
down.  A  ring  of  tubbing  was  then  put  on  and  bolted  up,  the 
tie-rods  put  in,  and  the  iron  dowels  driven  into  the  dowel-holes 
at  each  vertical  joint.  The  guide-ring  was  always  jacked  down 
far  enough,  before  a  ring  of  tubbing  was  put  on,  so  as  to  leave 
sufficient  space  for  jacking  the  piles,  after  the  ring  had  been 
fixed.  This  was  done,  so  as  to  enable  any  piles  to  be  immediately 
jacked  down,  in  case  there  was  a  sudden  rush  of  sand  at  any 
point. 

Sinking  was  commenced  on  March  3rd,  1906.  After  nine 
rings  of  tubbing  had  been  put  on,  the  cement-concrete  block 
commenced  to  break  up  and  sink.  The  tubbing  was  kept  as 
nearly  vertical  as  possible  by  packing  up  the  girders  at  the  pit- 
top.  The  screws  were  kept  tight  on  the  low  side  and  slack  on 
the  high  side  of  the  tubbing. 

During  the  sinking,  rushes  and  blowers  of  sand  frequently 
occurred.     Deep   blow-holes  formed    themselves,   and   generally 
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silted  up  iii  a  few  days  :  but  it  was  not  usual  to  have  more  than 
two  or  three  deep  holes  in  the  pit-bottom  at  one  time.  In  one 
hole,  when  the  pit  was  40  feet  deep,  a  pipe,  3  inches  in  diameter, 
was  lowered  downward,  32  feet,  by  its  own  weight.  In  one  case, 
the  pit-bottom  rose  6  feet  in  about  30  minutes.  At  another 
time,  although  there  was  no  large  rush,  sand  was  excavated, 
corresponding  to  a  depth  of  -U  feet,  but  the  bottom  was  only 
lowered  G  inches. 

The  guide-ring  gradually   required  more   power  to   push   it 
down  inside  the  piles  ;    and.   at  a  depth  of  50  feet,  one  of  the 


Fig.  12. — Piles  and  Guide-ring  at  No.  2  Pit. 

segments  cracked  in  the  ribs.  The  diameter  inside  the  piles 
varied  from  24  feet  4  inches  to  24  feet  8  inches.  At  a  depth  of 
oli  feet,  the  floating  ring  could  not  be  jacked  downward  any 
further,  owing  to  several  of  the  piles,  which  were  6  feet  into  the 
sand,  being  bent  inwards  at  the  bottom. 


After  an  unsuccessful  attempt  to  push  back  the  toes  of  the 
piles  to  a  true  circle,  two  rings  of  tubbing,  20  feet  in  diameter, 
were  set  on  planks,  laid  across  the  bottom  of  the  pit,  and  puddled 
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clay  was  rammed  in  between  the  tubbing  and  the  piles.  The 
piles  were  thereupon  all  jacked  back  about  5  feet.  It  then  became 
possible  to  jack  down  the  guide-ring. 

From  50  to  80  feet  deep,  the  water-feeder  gradually  increased 
from  100  to  400  gallons  per  minute  ;  and,  at  the  latter  depth, 
considerable  difficulty  was  experienced  in  pumping  the  feeder, 
owing  to  the  head  being  too  great  for  the  aquathruster  pumps 
in  a  single  lift.  They  did  not  work  satisfactorily  in  series  :  the 
quantity  of  sand  frequently  blocking  up  the  pipes.  Two  Evans 
sinking  pumps  (with  steam  cylinders,  24  inches  in  diameter; 
rams,  16  inches  in  diameter  and  24  inches  stroke)  were 
hung  from  a  temporary  headgear,  supported  on  the  top  of  the 
tubbing,  which  now  no  longer  required  holding  at  the  top,  owing 
to  the  friction  of  the  ground  on  the  back  of  it. 

At  a  depth  of  80  feet,  the  guide-ring  was  cracked  in  several 
additional  places,  and  pressed  more  out  of  shape.  The  piles  were 
then  jacked  down  G  to  8  feet  below  the  guide-ring,  and  the 
remaining  15  feet  of  sand,  clay,  gravel,  and  large  boulders,  was 
sunk  by  pushing  down  rings,  20  feet  in  diameter,  of  bolted  tub- 
bing, by  hydraulic  jacks  set  between  the  top  ring  and  girders  laid 
across  the  guide-ring  of  the  tubbing,  23  feet  in  diameter. 

The  top  of  the  Triassic  sandstone  was  reached  at  a  depth  of 
100  feet  on  June  6th,  1906.  The  feeder  of  water  at  this  depth  was 
600  gallons  per  minute.  The  total  time  occupied  in  sinking, 
from  the  surface  to  the  sandstone,  was  13|  weeks. 

Xos.  7  and  8  aquathruster  pumps  were  used  down  to  a  depth 
of  85  feet.  These  pumps  worked  satisfactorily  until  a  depth  of 
80  feet  was  attained,  under  very  trying  conditions :  pumping 
several  tons  of  sand  daily  with  the  water.  The  Evans  pumps 
worked  satisfactorily  below  this  depth,  but  the  buckets  required 
frequent  changing. 

For  jacking  the  piles  and  the  guide-ring,  hydraulic  ship-jacks 
of  20  tons,  30  tons,  and  50  tons  respectively,  were  used,  according 
to  the  pressure  required.  Two  travelling  cranes  (a  crane  with  a 
jib  25  feet  long  to  lift  3  tons,  and  a  crane  with  a  jib  42i  feet  long 
to  lift  5  tons)  worked  one  on  each  side  of  the  pit. 

The  total  subsidence  of  the  cement-concrete  block  at  the  sur- 
face was  as  follows  :  the  north-eastern  corner.  19  feet :  the  north- 
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■western-corner,  <>A  feet ;  the  south-western  coiner,  5  feet ;  and  the 
south-eastern  corner,  12  feet.  At  the  same  time,  the  tubbing  sank 
11  feet  9  inches.  Levels  of  the  top  ring  of  the  tubbing 
and  of  the  cement-concrete  block,  measurements  from  12 
side-lines  hung  round  the  tubbing  from  the  top,  and  the 
diameters  of  the  guide-ring,  were  taken  every  three  hours,  night 
and  day,  during  the  whole  time  that  the  work  was  in  progress. 

The  first  crib-bed  was  made  at  a  depth  of  113  feet  in  Triassic 
sandstone  and  the  tubbing,  20  feet  in  diameter,  was  carried  up 
to  the  surface. 

Cement-concrete,  a,  was  then  laid  on  the  top  of  the  broken 
block,  which  was,  finished  off,  55  feet  square,  and  5  feet  above 
ground-level.  The  pitchpine  sinking  headgear  was  erected  on 
four  brick-pillars,  b,  15  feet  above  ground-level.  Figs.  9  and 
10  (plate  viii.)  show  the  general  design  of  the  headgear,  and  of 
the  side  supports,  c,  for  carrying  the  pumps,  on  the  east  and 
west  sides  of  the  shaft.  The  pit-top  doors,  at  both  levels,  f  and 
g,  were  worked  by  an  engine,  with  a  steam  cylinder  6  inches  in 
diameter  and  9  inches  stroke,  and  an  oil-cataract  cylinder,  thus 
making  it  impossible  to  open  or  shut  the  doors  too  quickly. 

The  sinking-scaffold  was  built  of  four  main  girders,  an  outside 
bulb-channel  ring,  and  timber  planking.  It  was  supported  by  two 
locked-coil  wire-ropes,  4  inches  in  circumference,  worked  from  a 
steam-driven  worm-geared  capstan,  40  tons,  capable  of  working 
either  rope  or  both  together  at  a  speed  of  60  feet  per  minute. 
The  locked-coil  winding-rope  was  4  inches  in  circumference. 

The  shaft  was  lighted  by  two  electric-light  fittings,  h  and  i, 
each  having  eight  lamps  of  32  candle-power,  with  twin-armoured 
cable,  raised  and  lowered  by  a  hand-winch  with  slip-ring  electric 
connections. 

Yentilation  is  produced  by  an  electrically-driven  enclosed 
type  Waddle  fan,  j,  4  feet  in  diameter,  capable  of  producing 
20,000  cubic  feet  of  air  per  minute,  at  a  water-gauge  of  4 
inches,  when  used  as  a  blowing  fan.  The  air-pipes,  I,  are  24 
inches  in  diameter. 

Compressed  air  for  the  drills  is  produced  by  three  electrically- 
driven  Reavell  two-stage  air-compressers,  each  capable  of  giving 
240  cubic  feet  of  air  per  minute  at  a  pressure  of  80  pounds  per 
square  inch.  The  compressors  will  be  afterwards  used  under- 
aground. 
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Sinking-  was  continued  on  August  30th.,  1906,  in  the  Trias  and 
in  the  Upper  Marls  of  the  Permian,  with  two  Evans  Cornish 
sinking  pumps,  16  inches  in  diameter,  hung  on  chains  on  the  east 
side  of  the  pit.  The  maximum  feeder  at  one  time  was  850 
gallons  per  minute. 

The  second  crib-bed  was  made  on  the  top  of  the  upper  lime- 
stone at  a  depth  of  196  feet.  "Work  was  stopped  in  Xo.  2  pit, 
whilst  Xo.  1  pit  was  being  sunk  through  the  quicksand.  The 
second  length  of  tubbing  was  then  put  in  and  finished. 
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Fig.  13.  -Concrete-block  at  No.  2  Pit,  after  Sinking  through  Quicksand. 

Holes  were  drilled  in  the  limestone  by  the  Walker 
drilling-frame  and  Hardy  compressed-air  machines.  About 
40  sump  and  side  holes  were  drilled  per  round,  taking  from 
3  to  6  hours  of  actual  drilling.  The  same  number  of  holes 
took  24  to  30  hours  to  drill  by  hand.  The  lower  limestone 
required  from  70  to  100  holes  per  round  of  shot.  The  shot- 
holes  in  the  lower  part  of  the  lower  limestone  were  drilled 
with  Flottmann  compressed-air  drills.  These  machines  strike 
about  1,500  blows  per  minute,  and  the  drill  is  automatically 
given  a  slight  twist  after  each  blow.  The  drills  have  small 
centre-holes,  running  the   whole  length  of  the   drill,   and  part 
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of  the  aii  exhausting  at  the  point  of  the  drill,  keeps  the  hole 
clean.  The  total  weight  of  the  machine  and  the  drill  is  40 
pounds.  One  man  can  drill  a  hole,  6^  feet  lung,  including 
changing  the  drill,  in  12  to  18  minutes.  The  total  time  occupied 
in  drilling  twenty-eight  sump-holes,  6i  feet  long,  in  hard  lime- 
stone with  ten  machines,  one  man  to  each,  is  about  1A  hours.  The 
side  holes  are  drilled  whilst  the  sump  is  being  cleaned  out. 

The  third  crib-bed  was  made  at  279  feet,  and  the  fourth  at 
366  feet. 

The  shaft  below  this  depth  is  lined  with  cement-brickwork, 
9  inches  thick,  and  the  water  met  with  (only  about  40  gallons 
per  minute)  is  collected  in  a  water-garland,  conveyed  into  a 
small  lodge  at  a  depth  of  495  feet,  and  pumped  to  the  surface  by 
an  electrically-driven  Oddie-Barclay  high-speed  pump  with 
mechanically-controlled  suction-valves,  running  at  180  revolu- 
tions per  minute. 

The  Evans  pumps  worked  in  a  single  lift  for  a  depth  of  330 
feet,  at  which  point  considerable  trouble  was  experienced  with 
the  buckets,  which  required  changing  frequently.  The  amount 
of  slip  varied  from  35  to  80  per  cent.  From  this  point  to  the 
bottom  of  the  Permian  strata,  the  water  was  pumped  in  two 
lifts.  Smaller  pumps,  hung  on  ropes  from  a  steam-winch  at  the 
surface,  pumped  from  the  bottom  to  the  lodge  of  the  Evans 
pumps. 

The  top  of  the  Coal-measures  was  reached  in  May,  1907,  at  a 
depth  of  519  feet. 

Sinking  of  No.  1  Pit. — In  sinking  through  the  quicksand  at 
Xo.  1  pit,  the  same  method  was  adopted.  The  cement-concrete 
block  was  made  6  feet  thick  and  octagonal,  instead  of  square,  in 
shape ;  and  15  inches  of  space  was  left  between  the  back  of  the 
tubbing  and  the  side  of  the  concrete,  so  as  to  leave  room  for 
clay  to  be  rammed  under  the  block  as  the  ground  fell  away. 

The  floating-ring  (fig.  8,  plate  viii.)  was  made  much  stronger,, 
and  consisted  of  two  rings,  E  and  F,  of  castings,  with  joints 
crossed,  twelve  to  the  circle,  each  18  inches  deep  and  16  inches 
wide  on  the  bed,  planed  on  their  ends,  and  bolted  together  with 
machine-bolts,  2  inches  in  diameter.  The  two  rings,  bolted  to 
each  other  and  stayed  diagonally  with  channel-iron  (fig.  3„ 
plate  viii.)  weighed  26  tons. 


THE    SINKING    OF    BEXTLF.Y    COLLIERY.  159 

The  piles  and  other  tackle  were  exactly  the  same  as  those 
used  in  Xo.  2  pit. 

Sinking  was  commenced  on  September  22nd,  1906,  and 
carried  out  in  exactly  the  same  manner  as  in  Xo.  2  pit.  The 
piles  were,  in  this  case,  jacked  right  down  to  the  top  of  the 
sandstone,  which  was  reached  at  a  depth  of  98  feet  on  October 
29th,  1906,  or  5  weeks  after  commencing  to  sink. 

The  cement-concrete  block  did  not  move  during  the  upper 
40  feet  of  the  sinking,  and  the  total  subsidence,  after  finishing, 
was  only  •'!  feet.  The  whole  block  subsided  practically  equally, 
although  it  was  cracked  into  four  parts. 

At  a  depth  of  68  feet,  the  screws  were  removed  at  the  surface, 
and  the  tubbing  was  supported  by  side-friction  alone. 

Throughout  the  sinking,  the  guide-ring  kept  perfectly  sound 
and  in  a  true  circle.  Forty-eight  rings  of  tubbing  were  put  on ; 
and,  after  finishing,  the  shaft  was  not  more  than  2  inches  out 
-of  plumb.     Xone  of  the  tubbing-segments  were  cracked. 

The  first  wedging-crib  was  laid  at  a  depth  of  129  feet,  and  an 
inner  lining,  20  feet  in  diameter,  of  plain  tubbing  was  carried 
up  to  the  surface. 

Surf  net  arrangements. — Both  shafts  are  finished  20  feet  in 
internal  diameter,  and  fitted  up  for  drawing  2,000  tons  per  day, 
at  each  pit.  The  general  arrangement  is  shown  in  fig.  11 
(plate  viii.). 

Winding-engines. — The  winding-engines  are  the  same  for  both 
shafts,  each  consisting  of  two  cross-compound  cylinders,  the  high- 
pre->ure  being  35  inches  in  diameter  and  the  low-pressure  58 
inches  in  diameter  and  6  feet  stroke,  fitted  with  Corliss  valves, 
cut-off  gear,  steam  reversing  gear  and  TThitmore  steam-brake  and 
over-winding  prevention  gear.  The  two  throttle-valves,  13+ 
inches  and  24  inches  in  diameter  respectively,  placed  on  the  top 
of  each  cylinder,  are  easily  actuated  together  by  a  hand-lever. 
The  drum  is  partly  conical,  having  three  dead  coils  and  six  work- 
ing coils  on  a  cone  rising  from  12  feet  8  inches  to  13  feet  2  inches 
in  diameter;  four  coils  range  from  13  feet  2  inches  to  19  feet  in 
diameter;  and  the  remainder  run  on  the  parallel  drum,  19  feet 
in  diameter.  Each  engine-house  is  fitted  with  an  overhead 
travelling  crane. 
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The  sinkiug-eiigiiie  at  No.  2  pit  consisted  fo  two  steam 
cylinders,  24  inches  in  diameter  and  4  feet  stroke,  with  a 
parallel  drum,  8  feet  in  diameter,  working  with  steam  reduced 
to  a  pressure  of  60  pounds  per  square  inch  through  a  reducing 
valve. 

As  soon  as  the  Coal-measures  were  reached,  the  winding 
engine  was  used  for  sinking,  and  the  temporary  sinking  engine 
was  removed  to  No.  1  pit. 

Power-house. — The  power-house,  fitted  with  an  overhead 
travelling  crane,  contains  one  Davey-Paxman  compound  high- 
speed generating  set  of  100  kilowatts ;  one  Scott-Mountain  high- 


Fig.  14. — Brick-pillars  at  No.  1  Pit,  after  Sinking  through  Quicksand. 

speed  set  of  250  kilowatts ;  and  two  Eateau  low-pressure  turbine- 
generators,  with  barometric  jet  and  spirojector  condensers  of  500 
kilowatts.  The  four  sets  generate  three-phase  alternating  cur- 
rent at  a  pressure  of  550  volts. 

The  switchboard  consists  of  four  generating  panels,  and 
feeder  and  lighting  panels.  The  current  for  lighting  is  trans- 
formed from  550  volts  three-phase  to  220  volts  single-phase  by 
Westinghouse  static  transformers  with  a  Scott  connection,  placed 
behind  the  switchboard. 

Condenser-water  is  pumped  to  the  top  of  a  Balcke  tower,, 
capable  of  cooling  92,000  gallons  per  hour. 
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Boilirs. — Four  Lancashire  boilers,  working  at  a  pressure  of 
160  pounds  per  square  inch,  are  each  30  feet  long,  9A  feet  in 
internal  diameter  at  the  back  end,  with  flues  3  feet  9  inches  in 
diameter.  The  shell  consists  of  four  plates,  and  the  fronts  are 
dished  inwards  and  are  supported  from  the  shell  with  link  stars. 
The  boilers  are  fitted  with  Green  economizers  and  Dixon  down- 
take  superheaters.  An  auxiliary  steam-range,  7  inches  in  dia- 
meter, across  the  boiler-fronts,  connected  to  each  boiler,  can  be 
used  in  an  emergency  or  for  testing  purposes. 

The  draught  is  produced  by  an  electrically-driven  single-inlet 
Sirocco  induced  draught  fan,  50  inches  in  diameter,  exhausting 
into  an  iron  chimney,  80  feet  high  and  6  feet  in  diameter.  This 
fan  will  produce  sufficient  draught  for  six  boilers,  at  a  water-gauge 
of  2h  inches. 

Two  Weir  boiler-feed  pumps  are  each  capable  of  giving  8,000 
gallons  per  hour,  at  a  pressure  of  160  pounds  per  square  inch; 
and  one  of  them  is  designed  to  force  water  into  the  boilers  at  any 
pressure  between  40  and  160  pounds  per  square  inch. 

Water-supply. — Water  is  pumped  from  a  well,  40  feet  deep, 
into  three  tanks  placed  on  pillars,  40  feet  high,  by  a  three-throw 
pump,  belt-driven  by  a  motor  of  20  horsepower.  This  water, 
averaging  45  degrees  of  hardness,  is  softened  for  boiler  use  by 
means  of  a  Bruun-Lowener  water-softening  plant  capable  of 
treating  8,000  gallons  of  cold  water  per  hour.  The  hardness  is 
reduced  to  about  4  degrees.  The  softened  water  runs  into  the 
reservoir,  and  thence  to  the  feed-pump  well. 

Shops. — The  temporary  shops  are  divided  into  three  compart- 
ments :  (1)  The  fitters'  and  smiths'  shops  contain  two  single  and 
one  double  smiths  hearth,  with  a  blowing  fan ;  a  heavy  double- 
ended  punch  and  shearing  machine ;  a  steam  hammer ;  cold 
saw  to  cut  joists,  up  to  18  by  6  inches :  a  screwing  machine :  a 
pillar-drilling  machine ;  a  radial  drilling  machine :  a  side  plan- 
ing machine;  a  lathe,  etc.  (2)  The  joiners'  shop  contains  a  wood- 
planing  and  thicknessing  machine  :  a  band-saw.  etc.  (3)  The  saw- 
mill contains  a  circular  saw. 

All  the  machines  in  the  joiners'  and  fitters'  shops  are  driven 
by  a  motor  of  30  horsepower;  the  circular  saw  is  also  driven 
by  a  motor  of  30  horsepower;  and  both  motors  are  fixed  so  that, 
in  case  of  breakdown,  either  motor  can  drive  the  machinery  in 
either  shop. 
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APPENDIX  I,— Strata  sunk  through  in  Xo.  1  Pit,  Bentley  Colliery. 


No.    Description  of  Strata. 

Alluvium — 

1  Soil 

2  Yellow  and  blue  clay 

3  Dark  grey  sand  and 

drift-coal  ... 

4  Grey  sand  and  gravel 

5  Brown  and  grey  sand 

6  Grey      sand,       with 

pockets  of  sandy 
clay  and  a  large 
quantity  of  drift- 
coal 

7  Soft  sandy  clay 

8  Very  sandy  red  and 

blue  clay,  with  coal 
and  boulders 


Thick- 
ness of 
Strata. 
Ft.  Ins. 


Depth 

from 
Surface. 

Ft.  Ins. 


Thick- 
ness of 
Strata. 
Ft.  Ins. 
4     0 


6     7 

6     6 

39  11 


17    0 

1     9 


0 


14 
21 

61 


70 


14     3         94     0 


Xo.     Description  of  Strata. 

9  Red  sand  and  gravel 
Pt  nnian  and  Trias — 

10  Soft  red  sandstone  .. .  32     6 

11  Soft  grey  sandstone       2     6 

12  Red  marl,  with  layers 

of    red    and    grey 
sandstone... 

13  Red  and  grey  sand- 

stone,  with   marl- 
streaks 

14  Red       marl,       with 

boulders    ...         ...   16 

15  Broken    limestone         1 

16  Red  marl      2 

17  Grey  limestone        ...  20 


Depth 
from 
Surface. 
Ft.    Ins. 

98     0 


130 
133 


17     6       150     6 


14    4       164  10 


181  5 

182  7 
184  10 
•205     1 


APPENDIX  II.— Strata  sunk  through  in  Xo.  2  Pit,  Bentley  Colliery. 


No.    Description  of  Strata. 

Alluvium — 

1  Soil 

2  Yellow  and  blue  clay 

3  Dark  grey  sand  and 

dviit-coal 

4  Waup  clay  ... 

5  Grey  sand  and  gravel 

6  Brown  and  grey  sand 

7  Grey      sand,      with 

pockets  of  sandy 
clay  and  a  large 
quantity  of  drift- 
coal 

8  Soft  sandy  clay 

9  Blue  sand j- clay 

10  Very  sandy  red  and 

blue  clay,  with  coal 
and  boulders 

11  Stiff  blue  clay,  con- 

taining glacial 
boulders    

Permian  and  Trias — 

12  Soft  red  sandstone... 

13  Soft  grey  sandstone 

14  Red  marl,  with  layers 

of  red  and  grey 
sandstone 

15  Red  and  grey  sand- 

stone, with  marl- 
streaks 

16  Red       marl,       with 

boulders    ... 

17  Broken  limestone   ... 

18  Red  marl 

19  Grey  limestone 


Thick- 
ness of 
Strata. 
Ft.  Ins. 


Depth 

from 
Surface. 

Ft.    Ins. 


9  11 
1     4 


3 
38 


14  8 

16  0 

19  0 

57  6 


23 


24 


13 

6 

71 

0 

1 

0 

72 

0 

26 

7 

0 

79 

0 

27 
28 

13 

4 

92 

4 

29 

7 

8 

100 

0 

30 

31 

27 

0 

127 

0 

1 

6 

128 

6 

32 
33 

20 

0 

148 

6 

34 

35 
36 

9 

2 

157 

8 

37 

•22 

10 

180 

6 

MS 

1 

4 

181 

10 

39 

3 

0 

184 

10 

40 

24 

10 

209 

8 

41 

No.    Description  of  Strata. 

20  Grey  limestone,  with 

clay-partings 

21  Dark-grey  limestone, 

with  gypsum  part- 
ings   

22  Dark -grey  marl   and 
gypsum     ... 

Red  marl  with 
gypsum-bands,  up 
to  18  inches  thick 

Harder  gypsum,  with 
limestone  ... 

Limestone,  with  clay- 
partings    ... 

Grey  limestone 

Dark-grey  limestone, 
with  clay -partings 

Dark -grey  limestone, 
with  pyrites 

Very  soft  dark-brown 
clay 

Dark  limestone,  with 
bands  of  hard  marl 

Strong  grey  marl    ... 

Coal-measures — 
Soft-mottled  blue  and 

red  shale     ... 
Light-blue  bind 
Grey  sandstone 
Strong  blue  bind    . . . 
Stone  bind  with  sand- 
stone-streaks 
Grey  sandstone 

COAL  

Fire-clay       

Grey  bind     ... 
Sandstone-clunch    ... 


Thick- 
ness of 

Strata. 
Ft.  Ins. 


Depth 
from 
Surface. 
Ft.    Ins. 


3  9  213  5 


24  7 

1  0 

28  0 

2  10 

2  2 
204  0 

9  0 

11  10 

0  2 

8  6 
15  10 


9 

18 

1 

6 


15  0 

49  3 

0  5 

0  5 
5  1 

1  0 


238  0 

239  0 

267  0 

269  10 

272  0 

476  0 

4S5  0 

496  10 

497  0 

505  6 

521  4 


530  4 

548  6 

549  9 
556  0 

571  0 

620  3 

620  8 

621  1 
621  2 
627  2 


DISCUSSION THE    SINKING    OF    BENTLEY    COLLIERY.  1^3 

The  President  (Mr.  C.  E.  Rhodes)  asked  the  writers  to  give 
a  comparative  estimate  of  the  difference  in  cost  between  the  pro- 
cess adopted  at  Bentley  colliery  and  the  freezing  process,  if  that 
method  had  been  employed ;  to  state  whether  there  were  insuper- 
able difficulties  against  the  adoption  of  that  method :  and  what 
were  the  advantages  of  the  system  which  had  been  carried  out  so 
successfully  in  the  face  of  immense  difficulties. 

Mr.  Emerson  Baixbridge  (London)  suggested  that  the  posi- 
tion and  dimensions  of  the  concrete-block  should  be  indicated 
on  the  drawiugs  attached  to  the  paper. 

Mr.  G.  A.  Lewis  (Derby)  asked  how  the  space  between  the 
sinking  tubbing,  23  feet  in  diameter,  and  the  permanent 
tubbing,  20  feet  in  diameter,  had  been  filled  up. 

Mr.  A.  L.  Steavexsox  (Durham)  wrote  that  the  authors  of 
this  paper  were  to  be  congratulated  on  the  accomplishment  of  a 
very  difficult  undertaking,  the  greatest  care  having  been  evi- 
dently taken  to  provide  against  the  effect  of  pressure  at  the 
bottom,  which  had  frequently,  in  similar  cases,  forced  the  casing 
out  of  plumb  and  ruined  the  work.  At  the  same  time,  the 
account  of  the  position  of  affairs  in  the  Xo.  2  pit  seemed  to  show 
that  at  a  depth  of  52  feet  there  was  nothing  to  spare,  and  with 
several  piles  6  feet  into  the  sand,  bent  inwards  at  the  bottom, 
they  were  not  far  from  a  failure.  However,  the  sinking  afforded 
experience  which  seemed  to  have  enabled  greater  success  to  be 
attained  with  the  next  pit.  A  thickness  of  100  feet  of  sand  was 
a  very  unusual  amount,  and  this  narrative  of  difficulties  overcome 
would  no  doubt  be  helpful  to  others  in  a  similar  plight. 

Mr.  H.  M.  Cadell  (Bo'ness)  asked  what  were  the  special 
advantages  of  the  method  of  sinking  adopted  at  Bentley  colliery, 
and  why  piles  were  used  to  form  the  cutting-ring  round  the  bot- 
tom of  the  tubbing.  It  seemed  to  him  that  a  cheaper  and  more 
expeditious  method  would  have  been  to  have  used  strong  steel  oi 
iron  segments  for  the  sinking  cylinder,  and,  allowing  the  shaft  to 
remain  full  of  water,  to  excavate  the  sand  by  a  grab-dredger,  the 
inside  of  the  cylinders  being  loaded  with  iron  weights  to  make 
them  sink  as  the  sand  was  removed.  There  might  be  objections 
to  this  method,  and  he  would  like  to  know  what,  if  any,  they 
were.     It  was  certainly  remarkable  that  the  depth  to  the  rock 
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should  have  proved  so  much,  greater  in  the  shaft  than  in  the 
bore-hole.  If  the  bore-hole  was  not  exactly  in  the  position  of 
the  shaft,  there  must  either  have  been  a  precipice  in  the  solid 
rock  under  the  sand,  or  the  borer  must  have  been  incompetent. 

Mr.  J.  W.  Fryar,  replying  to  the  discussion,  said  that,  as 
recorded  in  the  paper,  the  first  attempt  on  the  quicksand  was  a 
failure ;  no  attempt  had  been  made  to  hide  that  fact,  and  they 
had  recorded  the  results  for  what  they  were  worth.  As  compared 
with  the  cost  of  ordinary  sinking  (without  any  quicksand  or 
other  difficulties),  the  two  pits  at  Bentley  colliery  cost  about 
£12,000  more  for  sinking  through  the  quicksand  than  in  the 
case  of  an  ordinary  sinking.  The  cost  of  their  failures  was 
included,  but  he  thought  that  it  would  be  fairer  to  take  the  cost 
of  sinking  the  second  shaft  only.  All  their  difficulties  had 
occurred  while  sinking  the  first  shaft ;  they  had  the  benefit  of 
that  experience  in  sinking  the  second  shaft,  which  was  put  down 
in  six  weeks,  and  he  did  not  think  that  the  quicksand  c'ost  more 
than  £3,000  more  than  an  ordinary  sinking  in  the  absence  of 
quicksand.  The  interval  between  the  tubbings,  20  and  23  feet 
in  diameter,  had  been  filled,  with  various  materials,  such  as 
broken  stones,  bricks,  and  even  quicksand. 

The  President  (Mr.  C.  E.  Rhodes)  moved  a  vote  of  thanks  to 
Messrs.  J.  W.  Fryar  and  R.  Clive  for  their  valuable  paper. 

Mr.  J.  T.  Stobbs  seconded  the  resolution,  which  was  cordially 
approved. 


DISCUSSION  OF  DR.  C.  SANDBERG'S  "  NOTES  OX  THE 
STRUCTURAL  GEOLOGY  OF  SOUTH  AFRICA.'* 

Mr.  John  M.  Liddell  (Cobalt,  Ontario,  Canada)  wrote  that 
Dr.  Sandberg's  paper  was  highly  interesting,  and  was  well  illus- 
trated by  the  map  attached  thereto  (plate  xxi.).  The  subject  was 
a  very  large  one,  and  although  the  data  given  on  the  map  formed, 
so  far  as  the  writer's  experience  extended,  a  true  picture  of  the 
general  structure  of  the  country,  the  deductions  as  to  the  causes 
which  had  produced  this  structure  must  be  highly  speculative. 

*   Trans.  Inst.  M.  E.,  1907,  vol.  xxxiii. ,  page  540. 


DISCUSSION — STRUCTURAL  GEOLOGY   OF   SOUTH   AFEICA.  165 

The  general  lines  of  strike  niigkt  be  considered  as  evidence  of 
lateral  pressure  from  the  south,  from  the  east,  and  from  the  south- 
west, as  shown  in  each  case  upon  the  map  ;  but  they  also  seemed 
worth  consideration  as  evidence  of  fracture  caused  by  the  upheaval 
of  the  sub-continent  as  a  whole,  and  by  the  gradual  change  of 
contour  of  the  earth's  crust.  The  key  to  all  these  curious  geo- 
logical occurrences  might  probably  be  found  in  the  astronomical 
history  of  the  earth  itself,  and  especially  in  connection  with  its 
later  changes  of  contour.  It  was  a  curious  fact  that  most  of 
the  ore-bearing  fissures,  and  many  of  the  lines  of  strike,  ran 
north-east  and  south-west,  with  cross-leads  to  north-west,  and 
these  phenomena  seemed  to  be  due  to  something  more  than  local 
disturbance.  They  occurred  throughout  the  Barberton  district  of 
the  Transvaal,  in  parts  of  Canada,  in  Western  Australia,  and,  he 
believed,  very  commonly  throughout  the  world.  They  were  thus 
roughly  parallel  (with  cross-lines  at  right-angles)  to  the  direction 
of  the  magnetic  pole  and  possibly  were  influenced  thereby.  The 
magnetic  direction  being  variable,  it  would  appear  that  a  large 
proportion  of  them  might  have  occurred  at  specific  periods  in 
the  earth's  history.  In  Ontario,  Canada,  where  the  rock  was  in 
many  places  heavily  loaded  with  metals,  the  rivers  and  lakes 
frequently  followed  the  lines  of  fracture  and  showed  them  up  on 
the  map  in  strong  relief.  Much  light  would  probably  be  thrown 
upon  this  subject  by  a  detailed  description  of  the  development  of 
the  earth  as  a  planet,  from  its  first  crude  form  to  its  present  shape, 
and  of  the  subdivision  of  its  surface  into  continents.  It  seemed 
certain  from  the  similarity  of  lines  of  strike  and  of  fissure  in  the 
different  continents  that  some  powerful  general  influence  had 
affected  the  globe  as  a  whole.  In  this  regard  a  view  of  the  full- 
moon  through  a  field-glass  was  of  interest,  as  it  showed  strongly- 
marked  lines  upon  the  crust,  which  suggested  an  analogous 
occurrence  on  the  earth.  The  occurrence  of  a  given  metal  in 
one  set  of  fissures,  and  of  another  metal  in  others,  while  some 
remained  barren,  suggested  some  external  cause,  in  addition  to  the 
differences  in  the  rock-materials  in  which  they  occurred.  This 
conclusion  was  difficult  to  resist,  in  view  of  the  fact  that  it  was 
within  the  historical  knowledge  of  humanity  that  the  globe  had, 
in  recurring  periods,  been  profoundly  disturbed  by  astronomical 
influences,  producing  earthquakes,  eruptions,  and  other  crust- 
motions.     With  regard  to  the  formation  of  pans,  the  most  likely 
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theory  was,  he  thought,  that  of  underground  streams,  probably 
running  in  natural  dykes,  which  alone  would  account  for  the 
depth  and  extent  of  many  of  the  pans  by  providing  a  means  of 
removing  the  waste-material.  Some  few,  however,  showed  no 
water  and  no  sign  of  waste  or  of  a  dyke,  so  that  their  origin 
remained  very  obscure.  One  especially,  occurring  east  of 
Heidelburg".  in  the  Transvaal,  did  not  seem  to  fit  anv  theory. 


Mr.  H.  T.  Foster  read  the  following  paper  on  "  Roof -weights 
in  Mines  "  :  — 
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ROOF-WEIGHTS   IN  MIXES. 


By  H.  T.  FOSTER. 


Introduction. — In  underground  mining,  the  nature  of  the  roof 
determines  to  a  large  extent  the  method  of  working  adopted ; 
and  as  seams  are  worked  under  widely  different  roof-conditions, 
the  support  and  control  of  the  roof  in  mines  opens  up  a  wide 
field  for  careful  observation.  The  views  given  in  this  paper  have 
been  deduced  from  observations  in  longwall  workings,  and  deal 
more  particularly  with  the  effect  of  roof-weights  underground, 
that  is,  with  the  movement  of  the  roof,  from  its  first  disturbance 
at  the  working-face  to  its  final  settling  in  the  goaf,  without 
attempting  to  deal  fully  with  more  complex  questions,  such  as 
the  subsidence  of  the  overlying  strata  and  its  effect  at  the  surface. 

Of  the  many  conditions  requisite  for  success  in  longwall 
working,  that  of  obtaining  a  uniform  settling  of  the  roof  behind 
the  working-face  is  one  of  the  most  important.  In  ordinary 
cases,  the  face  should  advance  uniformly,  whether  it  be  straight 
or  stepped.  Gate-packs  and  waste-packs  should  be  regularly 
built ;  and  all  timber  should  be  withdrawn  from  the  goaf,  so  as 
to  let  the  roof  bend  and  break  in  the  waste.  When  the  desired 
result  is  attained,  the  bending  roof  becomes  a  lever  which  assists 
materially  in  the  work  of  coal-getting.  As  the  working-face 
advances,  the  roof  settles  on  the  packs,  reducing  the  height  of 
the  roads,  with  other  phenomena,  until  all  the  roof-strata,  from 
the  seam  up  to  the  surface,  have  subsided  to  their  maximum 
amount. 

The  intensity  of  the  weight  caused  by  the  movement  of  the 
overlying  strata  depends  upon  several  fixed  conditions,  such  as 
the  depth  of  the  workings  from  the  surface,  the  sections  and 
conditions  of  the  seam  and  of  the  overlying  strata.  It  also 
depends  upon  conditions  set  up  during  working,  such  as  the 
direction  of  the  face,  the  rate  of  advance,  and  the  degree  of  thor- 
oughness with  which  the  packing  and  stowing,  replacing  the  solid 
coal  in  the  goaf,   can  be   carried  out.     With   an    insufficiently 
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stowed  goaf,  the  weights  are  more  severe  than  with  a  well-stowed 
one,  and,  in  offering  more  evidence  for  a  paper  on  roof-weights, 
more  useful. 

Roof-weights  may  be  divided  into  three  classes,  namely: 
(a)  First  weight,  limited  to  the  working-face ;  (6)  second  weight, 
the  goaf-weight,  following  the  working-face :  and  (c)  third 
weight,  the  general  subsidence  of  the  strata. 

First  Weight. — As  the  coal  is  extracted,  the  roof  in  the 
working-face  requires  artificial  support,  which  is  provided  by 
means  of  props,  bars  and  chocks.  To  some  extent,  these  allow 
the  roof  to  settle  bodily  towards  the  goaf,  by  compression  of  the 
supports,  by  crushing  them  into  the  roof  or  floor,  or  by  breaking 
them.  In  the  goaf,  behind  the  timbering,  the  roof  is  able  to 
settle  more  readily  on  the  compressible  packs  which  are  built 
for  that  purpose. 

The  thickness  of  the  strata  taking  part  in  the  first  movement, 
depends  upon  their  strength.  For  instance,  a  thick  rock-roof 
will  hang  back  into  the  goaf  for  a  considerable  distance  with 
practically  no  movement,  and  it  may  possibly  render  the  seam 
unworkable  by  the  longwall  method ;  while  a  shale-  or  a  bind- 
roof  will  bend  and  break  in  successive  stages  for  a  height  of 
several  feet,  generally  up  to  a  harder  rock.  In  all  cases,  it  is 
the  weight  of  the  bending  strata  that  props  set  in  the  working- 
places  may  be  required  to  support,  and  this  roof  is  under  the 
direct  control  of  the  miner.  The  weight  due  to  the  bending  of 
the  roof  at  the  face  is  the  ordinary  working-result,  and  consti- 
tutes the  first  weight  in  longwall  working :  the  overlying  strata 
remaining  undisturbed  during-  this  stage. 

In  some  instances,  however,  the  roof  may  be  unable  to  settle 
uniformly  in  the  goaf,  either  by  props  or  wooden  packs  being  left 
behind,  slants  or  oblique  roads  crossing  the  goaf,  or  by  the 
roof  weighting  and  locking  itself  (fig.  1,  plate  ix.).  The 
locking  of  the  roof  is  probably  more  common  in  cases  where  the 
roads  are  dinted  and  the  roof  left  unbroken  than  where  the  roads- 
are  ripped.  When  locking  occurs,  the  area  of  the  roof,  bridging 
the  space  between  the  packs,  increases  as  the  working-face  ad- 
vances, until  its  weight  becomes  excessive;  and  then  it  shears- 
it  self  along  the  line  of  least  resistance,  which  is  generally  the 
coal-face,  and  settles  bodily.     With  a  strong  coal,  there  will  be 
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only  one  or  two  breaks  in  the  roof  over  the  solid  (fig.  2,  plate 
ix.) ;  but,  with  a  tender  coal,  there  will  be  several  breaks  extending 
a  considerable  distance  over  the  solid  (fig.  3,  plate  ix.).  The  result 
of  the  weight,  so  far  as  coal-getting  is  concerned,  is  that  the  roof- 
lever  is  destroyed  ;  and  the  coal  is  set  hard  until  sufficient  coal  has 
been  worked  to  establish  another  roof-lever. 

By  their  inclinations,  weight-breaks  give  an  indication  of  the 
direction  of  the  force  which  is  aiding  coal-getting  under  normal 
conditions.  They  are  almost  invariably  over  the  solid  coal, 
whatever  be  the  direction  of  the  coal-face ;  but  they  have  differ- 
ent inclinations,  because  the  conditions  of  roof-weighting  vary. 
The  average  inclination,  A,  is  about  50  degrees  from  the  horizon- 
tal, over  the  solid  (fig.  1,  plate  ix.),  but  when  the  roof  is  locking 
itself,  subsequent  breaks  become  more  nearly  vertical,  B,  as  the 
resistance  to  lateral  movement  towards  the  goaf  increases  (fig.  1, 
plate  ix.). 

It  is  also  found  that  weight-breaks  in  dip-workings  are  more 
nearly  vertical  than  those  in  rise-workings  :  that  is,  there  is  less 
lateral  displacement  for  a  given  vertical  displacement  of  roof  in 
dip-  than  in  rise-workings.  The  observed  angles,  from  the 
horizontal,  over  solid  coal,  in  a  seam  dipping  1  in  10  (5Jr  degrees) 
are: — Rise-workings,  45  degrees;  level  workings,  50  degrees; 
and  dip-workings,  56  degrees.  This  difference  in  inclination  is 
probably  due  to  gravitation,  and  accounts  to  some  extent  for 
the  different  conditions  of  coal-getting  in  the  three  cases. 

Under  some  conditions,  with  a  heavy  roof  or  tender  coal, 
the  face  may  be  stepped :  that  is,  each  working-place  is  made 
to  keep  a  previously  determined  distance  in  front  of  the  next 
in  order.  The  result  of  stepping  the  face  is  to  make  the  roof 
in  the  goaf  break  in  a  diagonal  line  joining  the  loose  ends,  thus 
permitting  only  a  portion  of  the  weight  to  come  on  to  the  coal- 
face. If,  however,  one  bank  gets  behind,  the  weight,  advancing 
in  a  more  or  less  straight  line,  will  crush  the  exposed  coal- 
corner,  and  the  roof  will  break  in  the  working-place  and  airway, 
A,  where  AB  represents  a  working-place,  and  AC  the  cutting- 
side,  which  has  become  too  long  (fig.  4,  plate  ix.). 

Although  the  first  weight  is  mainly  due  to  the  weight  of 
the  subsiding  roof,  there  are  other  influences  at  work  which  may 
modify  its  effect  to  some  extent,  and  account  for  phenomena 
observed  at  a  later  stage  of  the  roof-weight,  when  the  face  has 
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advanced  a  considerable  distance  from  the  part  in  question. 
One  of  these  is  the  lateral  compression  of  the  strata.  In  the  case 
of  the  seam  being  worked,  this  stress  probably  aids  in  coal- 
getting,  the  lateral  movement  of  the  roof  being  clearly  shown 
by  the  props  in  the  working-places  riding  towards  the  goaf,  and 
it  is  one  of  the  factors  which  determine  the  correct  rate  of 
advance  of  the  face.  When  the  coal  is  extracted,  the  stress  in 
the  roof-strata,  aided  by  gravitation,  expends  itself  in  bagging 
the  roof  down  between  the  packs,  with  the  axis  of  the  trough 
at  right  angles  to  the  working-face,  and  usually  parallel  to  the 
roads.  In  a  similar  way,  the  floor,  aided  in  many  cases  by  gas 
or  water,  lifts  or  creeps  in  the  working-places  and  goaves.  This 
lateral  compression  of  the  strata  accounts  for  side-weight  in  the 
roads,  to  be  described  at  a  later  stage,  and  also  for  the  fact  that 
the  workings  in  an  upper  seam  disturb  the  roads  previously 
made  in  a  lower  seam. 

The  condition  of  the  roof,  goaf,  and  floor,  after  the  first 
weight  is  shown  in  fig.  5  (plate  ix.),  which  is  an  imaginaiy  section 
taken  parallel  to  the  face  across  two  gate-roads,  one,  E,  being 
ripped  and  the  other,  F,  dinted. 

Second  Weight. — As  the  coal-face  advances,  the  roof  bends 
or  breaks  in  the  goaf,  due  to  the  first  weight,  leaving  colunms 
of  roof  still  supported  bv  the  packs  (fig.  5,  plate  ix.),  which, 
in  turn,  support  the  higher  undisturbed  strata.  When  a  con- 
siderable area  of  the  undisturbed  strata  has  been  undermined, 
it  begins  to  subside,  and  the  weight  due  to  this  subsidence  is 
transmitted  through  these  columns  to  the  compressible  packs, 
which  are  crushed  to  perhaps  one-half  of  their  original  thickness; 
and,  at  the  same  time,  the  height  of  the  roads  is  reduced. 

The  effect  of  the  second  weight  is  illustrated  by  fig.  6  (plate 
ix.),  which  is  a  section  taken  at  right  angles  to  the  face.  A  is 
the  line  of  the  coal-face;  B  shows  the  roof  still  supported  by 
the  packs,  but  fallen  or  bagged  down  in  the  goaf  between, 
due  to  the  first  weight;  C  is  a  line  parallel  to  the  face,  where 
the  goaf  has  been  compressed  by  the  second  weight :  this  line 
is  advancing  at  the  same  rate  as  the  coal-face  and  at  a  uniform 
distance  behind  it. 

The  roof,  between  B  and  C,  together  with  the  subsiding 
upper  strata,  DD,  which  was  undisturbed  by  the  first  weight,  is 
bridging  the  space  between  the  solid  goaf,  C,  and  B.     Beyond 
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this  Hue,  towards  the  face,  the  upper  strata,  DD,  are  still  un- 
disturbed, although  the  roof  may  have  subsided  to  some  extent, 
due  to  the  first  weight.  The  area,  enclosed  between  the  lines 
B  and  C,  is  subject  to  second  weight,  and  is  subsiding  on  to 
compressible  packs.  The  width,  13C,  depends  on  the  strength  of 
the  strata  involved  in  the  second  weight.  It  will  naturally  be 
greater  with  strong  than  with  weak  strata,  and  with  a  well- 
stowed  than  with  an  insufficiently  stowed  goaf.  It  will  be  seen 
that,  as  the  second  weight  advances,  the  roof  is  subject  to  two 
curvatures,  and  where  it  follows  closely  on  the  first  weight,  due 
to  insufficient  packing,  the  roof  in  the  roads  is  broken  consider- 
ably in  consequence  of  the  double  curvature  (fig.  6,  plate  ix.). 

When  the  coal  is  worked  in  stepped  faces,  the  second  weight, 
as  in  the  case  of  the  first  weight,  follows  in  the  line  shown  in 
fig.  4  (plate  ix.),  thus  cutting  across  the  gates,  DE,  and  FG, 
at  an  oblique  angle.  This  is  a  disadvantage,  as  the  sides  crush 
off  much  more  readily  than  in  gates  carried  at  right  angles  to 
the  second  weight. 

Again,  when  faces  are  worked  at  right  angles  to  one  another 
(fig.  7,  plate  ix.),  there  is  very  little  first  weight  to  aid  coal- 
getting  in  the  fast  corner;  but,  in  the  goaf,  the  second  weight 
is  destructive.  The  respective  second-weight  breaks,  d,  e  and  fy 
follow  their  faces,  a,  b  and  c,  in  a  parallel  line  towards  the  fast 
corner,  where  they  curve  round  and  meet  (fig.  7,  plate  ix.).  The 
roads  in  the  area  of  the  curved  breaks  should,  if  possible,  be  set 
out  to  cross  them  at  right  angles,  as  AB,  CD,  and  EE :  because 
roads,  with  breaks  crossing  them  at  oblique  angles,  seldom  stand 
well. 

The  effect  of  the  second  weight  is  mainly  seen  in  the  crushed 
packs  and  reduced  height  of  the  roads,  necessitating  their  re- 
ripping  or  re-dinting.  During  the  period  of  second  weight,  the 
roof  should  be  allowed  to  settle  on  the  packs  as  uniformly  as 
possible.  In  many  cases,  wooden  packs,  put  in  the  gate-sides,  only 
tend  to  break  the  roof;  and  the  old  wood,  so  used,  would  be 
better  employed  in  helping  to  bind  the  pack  together,  over  a 
larger  area.  Middle  props  in  the  roads  should  also  be  avoided, 
especially  with  a  hard  floor,  as  they  cut  the  roof,  and  ultimately 
get  broken. 

Where  the  roof  has  bagged  down  in  the  goaf  (fig.  5,  plate  ix.), 
the  second  weight,  in  compressing  the  strata,  tends  to  straighten 
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it.  This  pushes  the  roof  into  the  gate,  where  it  has  lateral  free- 
dom, giving  side  weight  (fig.  8,  plate  ix.).  In  the  same  way,  the 
floor  is  pushed  out  into  dinting-gates.  or  causes  creep  in  the  roads 
(fig.  9,  plate  ix.). 

When  the  coal-face  is  abandoned,  the  second  weight  advances 
towards  the  face  until  it  practically  reaches  it.  The  span,  be- 
tween the  solid  coal  and  the  solid  goaf,  is  reduced,  until  the 
higher  roof  can  support  the  weight  without  further  strain,  and 
the  strata  are  finally  inclined  by  the  amount  of  difference  between 
the  thickness  of  the  seam  and  the  crushed  packs.  As  the  second 
weight  approaches  the  coal-face,  the  roof-strata,  which  have 
been  elongated  by  the  double  curvature,  are  broken,  and  the 
breaks,  AB,  thus  formed  dip  in  the  direction  of  the  coal-face, 
showing  that  the  weight  is  riding  over  from  the  goaf  towards 
the  coal-face  (fig.  10,  plate  ix.).  This  may  also  occur  in  opening- 
out  a  new  district,  or  where  the  goaf  is  insufficiently  packed,  thus 
allowing  the  second  weight  to  follow  the  first  weight  too  closely. 

It  will  be  seen  that  the  conditions  during  the  period  of  second 
weight  are  the  reverse  of  those  for  first  weight.  In  the  second 
weight,  the  advancing  line  of  settled  goaf  forms  the  fulcrum  of 
the  roof-lever,  and  the  power  is  applied  by  the  weight  of  the 
higher  strata  subsiding  towards  the  retreating  coal-face.  The 
condition  of  the  roads  and  goaf  is  shown  in  fig.  11,  which  is  a 
section  at  C,  drawn  parallel  to  the  face,  A  (fig.  6,  plate  ix.). 

Thus  the  rate  of  advance  of  the  face  is  determined  by  the 
first  weight,  and  the  direction  and  length  of  the  gate-roads, 
cross-gates,  and  slants,  are  determined  by  the  second  weight  : 
the  weights  in  both  eases  being  confined  to  the  neighbourhood  of 
the  working-face. 

Third  Weight. — With  the  further  advance  of  the  coal-face, 
an  increasing  area  of  roof-strata  is  put  upon  the  packs,  which 
are  crushed  by  the  second  weight  to,  approximately,  one-half  of 
their  original  height.  This  subsidence  must,  obviously,  weaken 
the  support  of  an  increasing  area  of  the  overlying  strata  not 
previously  disturbed;  and,  when  the  limit  is  reached,  true 
subsidence  begins.  This  is  called,  in  this  paper,  the  third 
weight;  and  its  influence  is  felt  in  the  seam,  and  through  the 
overlying  strata  to  the  surface.  The  subsidence  provides  enor- 
mous pressure,  and  its  effect  is  seen  in  the  roads,  in  the  further 
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and  final  crushing  of  the  pack-,  in  many  ease-  down  to  one 
quarter  of  their  original  height,  and  in  intensified  side  weights. 
The  subsiding  strata,  or  third  weight,  must  also  travel  in  the 
direction  of  the  workings,  spanning  the  space  between  the 
fin  >lly  settled  goaf,  and  the  roof  which  is  as  yet  undisturbed 
by  the  second  weight.  Thus  the  third  weight  follows  the  second 
weight,  and  in  the  majority  of  cases  probably  does  so  uniformly, 
without  actual  break  in  the  strata,  or  cavity  between  the  beds. 

As  to  the  direction  of  the  pressure  caused  by  subsidence,  it 
is  observed  that  in  level  roads,  the  bars  often  swing  over  towards 
the  dip ;  and.  where  the  road  is  ripped  to  a  smooth  parting,  the 
rise-side  of  the  road  crushes  over  towards  the  dip,  and  the  stria? 
on  this  parting  are  invariably  in  the  direction  of  the  dip  of  the 
seam,  showing  that  there  must  have  been  movement  between 
the  beds  in  this  direction  during  subsidence.  This  is  also  indi- 
cated in  roads  driven  in  the  direction  of  the  dip  :  the  bar-  invari- 
ably ride  over  in  that  direction,  and  for  this  reason  are  set  a 
little  out  of  the  perpendicular  towards  the  rise. 

The  subsidence  also  induces  planes  of  fracture  in  the  roof- 
strata,  which  run  in  the  direction  of  the  level  line  of  the  seam. 
The  inclination  of  these  planes  of  fracture  varies  with  the  dip 
of  the  seam :  in  a  seam  dipping  1  in  10  {oh,  degrees),  the  average 
inclination  in  a  wide  goaf-area  is  68  degrees  from  the  horizontal : 
thus,  AB  is  an  average  angle  for  fracture-planes  in  Coal-measure 
strata  (fig.  12,  plate  ix.). 

As  the  subsiding  strata  are  bounded  on  all  sides  by  solid 
strata,  and  each  bed  is  homogeneous,  the  pressure,  CB,  inducing 
these  planes  of  fracture  may  be  taken  to  be  approximately  at 
45  degrees  to  them,  or  at  67  degrees  from  the  horizontal,  and  in 
the  direction  of  the  dip  of  the  seam  (fig.  12,  plate  ix.).  In  some 
cases,  especially  where  wooden  packs  have  been  built  in  the  sides 
of  the  roads,  the  plane  of  fracture,  BD,  is  practically  at  right 
angles  to  AB,  or  at  45  degrees  to  the  pressure,  CB  (fig.  12. 
plate  ix.). 

At  the  rise  side  of  a  shaft-pillar  in  the  same  seam,  the  planes 
of  fracture,  AB,  are  roughly  at  an  inclination  of  58  degrees 
(fig.  13,  plate  ix.),  and  the  ultimate  weight-break,  CB,  which 
may  be  taken  to  represent  the  direction  of  the  pressure,  makes  an 
angle  of  45  degrees  with  these  planes,  or  77  degrees  with  the 
horizontal  awav  from  the  solid  coal. 


174  ROOF-WEIGHTS   IX    MINES. 

The  writer  lias  come  to  the  conclusion,  from  these  observa- 
tions, that  in  an  inclined  seam  the  direction  of  the  general 
subsidence  of  the  strata  is  towards  the  dip  of  the  seam. 

Effects  of  Subsidence.- — To  determine  the  probable  effects  of 
subsidence  on  the  strata,  two  general  cases  may  be  taken : 
(1)  working's  in  a  level  seam ;  and  (2)  workings  in  an  inclined 
seam. 

In  the  first  case,  when  the  level  seam  has  been  worked  over  a 
sufficient  area,  the  nrst  and  second  weights,  following  the  work- 
ing-face, cause  subsidence  of  tne  roof,  as  previously  explained, 
leaving  the  overlying  strata  bridging  the  space  between  A  and 
B  (fig.  14,  plate  ix.),  these  being  the  points  nearest  the  face 
at  which  the  second  weight  can  act,  with  a  moving  face.  At 
A  and  B,  the  roof-strata  are  as  yet  undisturbed;  but,  at  C  and 
D,  they  have  subsided,  probably  one-half  the  thickness  of  the 
seam,  so  that  the  bed,  from  A  to  C,  and  from  B  to  D,  presents  an 
inclined  surface,  while  the  subsided  strata,  from  C  to  D,  have  a 
level  surface,  which  is  gradually  extending.  The  writer  does 
not  suggest,  however,  that  a  cavity,  ABCD,  is  left,  except  under 
exceptional  circumstances;  but  that,  in  all  cases,  the  disturbed 
roof  over  the  goaf  is  capable  of  being  compressed  by  the  third 
weight  to  that  amount. 

The  strata  over  CD  are  subsiding  uniformly,  but  between  AC 
and  BD  they  are  subsiding  on  inclined  surfaces,  forming  a 
trough  (fig.  14,  plate  ix.) :  each  succeeding  bed,  towards  the  sur- 
face, being  less  and  less  inclined,  and  extending  further  over 
the  solid  coal  (fig.  15,  plate  ix.).  It  must  be  remembered  that 
the  curves  are  very  slight,  and  that  the  movement  is  slow  and 
.irresistible.  As  the  beds  are  subsiding  in  ascending  order,  it 
follows  that  each  bed  must  slide  between  the  adjacent  beds,  the 
movement  being  towards  the  goaf-area  in  everj-  case,  due  to  the 
horizontal  component  of  the  pressure  producing  the  subsidence. 
This  pressure  must  diminish  in  intensity  in  the  higher  strata, 
due  to  decreased  thickness  of  cover,  until  the  surface  is  reached, 
when  the  pressure  becomes  zero  it  the  line  of  initial  subsidence, 
which  advances  at  the  averagt  /ate  of  advance  of  the  coal-face. 
Thus,  in  the  earlier  stages  of  subsidence,  the  beds  are  subject 
to  slight  bending  and  horizontal  movement,  but  subside  evenly 
&<  the  line  of  initial  subsidence,  or  draw,  advances. 
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Iu  the  second  case,  that  of  inclined  strata,  the  writer's  view 
is  that  over  wide  goaf-areas,  the  draw  due  to  subsidence  is 
towards  the  dip  of  the  seam  that  is  being  worked,  whatever  be  the 
direction  of  the  coal-face.  Taking  as  an  example  a  rectangular 
pillar  left  for  the  support  of  the  surface,  and  set  out  parallel 
to  the  direction  of  the  dip  and  strike  of  the  seam,  the  subsidence 
and  draw  over  the  sides  of  the  pillar  in  the  line  of  dip  will  be 
similar  in  extent  to  those  of  a  level  seam.  They  will  probably  be 
more  destructive,  however,  as  each  bed  must  also  move  in  the 
direction  of  the  din,  as  shown  in  fig.  16  (plate  ix.),  where  AB 
is  the  side  of  the  pillar ;  CD,  at  right  angles  to  AB,  are  lines  of 
strike  before  subsidence ;  the  lines,  C,  D,  their  position  after 
subsidence ;  and  EF  the  line  of  final  draw. 

Lastly,  the  amount  of  subsidence  and  draw  over  the  rise  and 
dip-sides  of  the  pillar  will  depend  upon  the  direction  and  inten- 
sity of  the  inclined  pressure,  acting  in  the  direction  of  the  dip 
of  the  seam.  On  the  dip-side,  this  force  is  assisting  that  due 
to  subsidence  in  a  level  seam,  and  the  amount  of  surface-draw 
should,  for  this  reason,  be  greater.  On  the  rise-side,  however, 
the  force  is  retarding  that  due  to  subsidence  towards  the  goaf,  and 
the  amount  of  surface-draw  should  be  less  than  in  the  case  of  a 
level  seam. 

From  this  reasoning,  the  writer  has  come  to  the  conclusion 
that  in  leaving  pillars  in  an  inclined  seam  for  surface-support, 
more  coal  should  be  left  to  the  dip  than  to  the  rise  of  the  area 
which  has  to  be  supported. 

The  writer  has  communicated  this  paper  with  the  hope  that  it 
will  be  of  general  interest,  and  by  creating  discussion  help  towards 
the  better  understanding  of  a  difficult  subject. 


Mr.  W.  E.  Lishmax  (Durham)  wrote  that  the  question  of  the 
influence  of  depth  upon  rock-pressure  was  of  special  importance, 
in  view  of  the  fact  that  depth  must  necessarily  play  an  increas- 
ing part  in  future  mining  operations.  It  was  somewhat  sur- 
prising that,  while  the  matter  of  temperature  in  regard  to  depth 
had  been  the  object  of  adequate  investigation,  that  of  pressure  had 
been,  comparatively  speaking,  neglected.  Temperature-gradi- 
ents, and  the  laws  which  govern  them,  were  now  fairly  well 
established  for  practical  depths  ;    but  no  such  authoritative  in- 
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formation  was  to  hand  in  regard  to  underground  pressure  and 
the  way  in  which  it  operated.  The  result  was  that  a  certain 
amount  of  misconception  prevailed  on  the  subject,  and  it  was  too 
often  assumed  that  the  overlying  strata  exerted  an  excessive 
pressure  upon  the  underlying  seams,  and  that  the  support  re- 
quired increased  approximately  in  proportion  to  the  depth.  It  was 
therefore  disappointing  to  find  that  Mr.  Foster  had  not  dealt  with 
this  aspect  of  the  matter.  There  could  be  little  doubt  that  the 
pressure,  and  therefore  the  roof-weight,  on  the  whole  increased 
with  the  depth  ;  but  that  it  increased  at  all  materially  within  the 
possible  (and  comparatively  small)  depth-limit  of  mining  opera- 
tions was  in  most  cases  highly  improbable.  What  was  a  much 
more  important  factor  than  mere  depth  was  the  nature  of  the 
overlying  and  underlying  strata,  and  especially  of  those  imme- 
diately above  the  seam.  If  these  were  good,  they  were  to  a  large 
extent  self-supporting;  and  it  would  be  the  exception,  rather 
than  the  rule,  that  the  sheer  weight  of  any  considerable  thick- 
ness of  strata  should  be  brought  to  bear  upon  any  excavation 
below. 

The  division  into  "first,  second,  and  third  weights"  did  not 
strike  him  (Mr.  Lishmau)  as  a  very  suitable  one,  nor  were  the 
conclusions  drawn  at  all  convincing.  It  would  be  an  advantage 
to  know  whether  the  angles  of  fracture  recorded  were  from 
direct  observation,  or  were  assumed.  Such  a  plane  of  fracture 
as  that  represented  by  the  line  BD  in  fig.  12  (plate  ix.)  would 
appear  contrary  both  to  theory  and  to  practice ;  while  it  was  by 
no  means  clear  how  those  shown  in  fig.  3  (plate  ix.)  as  projecting 
over  and  beyond  the  coal-face  were  arrived  at,  especially  if  (as  was 
apparently  the  case)  they  referred  to  advancing  longwall.  Mr. 
Halbaum  had  admirably  stated  the  case  for  the  cantilever  action 
of  the  roof.*  One  could  have  wished  that  Mr.  Foster  had 
developed  that  method  of  inquiry;  for,  whatever  difference  of 
opinion  there  might  be  on  points  of  detail,  it  afforded  at  least  a 
useful  basis  for  further  investigation. 

Briefly,  what  occurred  in  advancing  longwall  was  something 
of  this  kind  :  the  roof,  at  first,  arched  itself,  between  the  coal-face 
in  front  and  whatever  support  there  might  be  behind.  The 
fracture  forming  the  arching  might  start  from  the  coal-head  or 

*   "The  Great  Planes  of  Strain  in  the  Absolute  Roof  of  Mines,"  by    Mr. 
H.  W.  G.  Halbaum,  Trans.  Inst.  M.  E.,  1905,  vol.  xxx.,  page  175. 


DISCUSSION ROOF-WEIGHTS    IN    MINES.  177 

from  some  distance  behind  it,  or  possibly  (though  rarely)  beyond 
it.  The  precise  angle  and  the  height  to  which  the  fracture  ex- 
tended would  depend  upon  the  condition  of  the  strata,  etc.,  and 
upon  the  rate  of  advance.  The  fracture  would  take  an  appreci- 
able time  to  travel  upwards  :  if  the  face  stood  any  length  of  time, 
the  stress  at  this  particular  point  would  have  time  to  project 
itself  through  an  ascending  series  of  strata ;  if,  on  the  other 
hand,  the  face  moved  rapidly,  the  maximum  stress  was  carried 
forward  at  the  same  time  ;  and  its  effect  was  therefore  distributed, 
instead  of  being  concentrated  for  any  appreciable  time  in  one 
particular  line.  The  result  was  a  bending  instead  of  a  fractur- 
ing of  the  upper  strata,  and  a  steady  but  general  subsidence  in- 
stead of  an  intermittent  and  piecemeal  one.  The  roof-action 
thus  appeared  to  approximate  to  the  condition  of  a  loaded  beam, 
supported  at  both  ends.  The  natural  arching  would  extend  up 
to  the  neutral  point  for  the  time  being.  Above  this,  the  abso- 
lute roof  would  be  subject  to  compressive  strains,  and  would  de- 
velop oblique  lines  of  weakness  projecting*  .away  from  the  goaf- 
area  and  over  the  solid  area,  thus  tending  to  produce  draw  at  the 
surface.  It  was  the  loosened  material  (the  fallen  stone  under 
the  natural  arching  and  confined  to  a  short  distance  above  the 
seam)  that  required  artificial  support.  It  was  the  cantilever 
action  of  the  solid  roof  remaining  below  the  neutral  line  that 
produced  weight  on  the  coal,  and  assisted  the  working  of  it. 

The  case  of  inclined  strata  required  further  investigation. 
Mr.  Foster  would  hardly  expect  to  carry  the  members  with  him 
when  he  advocated  that  more  coal  should  be  left  to  the  clip  than 
to  the  rise  of  the  shaft.  If  it  were  correct  that  the  line  of  fracture 
lay  between  the  vertical  and  the  perpendicular  to  the  beds,  the 
fracture  then  approached  the  shaft  on  the  rise-side  and  receded 
from  it  on  the  dip-side,  necessitating  therefore  more  support 
on  the  rise-side.  It  was,  however,  possible  in  heavily-pitching, 
strata  that  the  fracture,  on  meeting  with  a  hard  panel,  would  be 
deflected  from  its  regular  course,  and  tend  to  follow  underneath 
this  bed  to  the  rise,  as  affording  the  line  of  least  resistance. 

While  unable  to  agree  with  parts  of  Mr.  Foster's  paper,  he 
must  congratulate  him  upon  having"  brought  forward  a  subject 
which  required  further  elucidation. 

Dr.  James  S.  Dixon  (Glasgow)  wrote  that  Mr.  Foster  gave  a 
very  intelligent  description  of  the  weighting  that  followed  the 
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extraction  of  coal  by  longwall  or  by  working  back  pillars.  In 
the  latter  case,  in  a  level  seam  about  6  feet  thick,  by  careful 
levelling  on  the  surface  prior  to  and  after  the  working,  it  was  found 
that  the  draw  or  angle  of  subsidence  of  the  strata  was  about  76 
degrees  from  the  horizontal  plane.  This,  of  course,  largely 
depended  on  the  nature  of  the  strata  :  if  hard,  the  line  of  fracture 
was  nearer  the  perpendicular  than  if  soft.  Where  the  line  of 
fracture  in  the  strata  met  a  soft  alluvial  surface,  it  then  ran 
away  at  a  flat  inclination,  and  affected  the  surface  at  a  much 
greater  distance  than  usual.  In  one  case,  where  the  seam  dipped 
at  an  angle  of  nearly  45  degrees,  it  was  found  that  the  break 
took  place  at  right  angles  to  the  seam,  so  as  to  cause  damage  to 
the  surface  at  a  distance  from  the  point  of  fracture  equal  to  the 
depth ;  whereas,  in  the  case  already  referred  to,  this  was  only 
about  a  fourth  of  the  depth.  The  subject  of  weighting,  as  affect- 
ing the  coal-face  and  the  roads,  was  one  of  very  great  import- 
ance, both  as  regarded  the  extraction  of  the  coal  and  the  sub- 
sequent expense  in  maintaining  the  roads  in  the  waste,  and  was 
one  that  should  be  carefully  studied  in  every  seam.  In  cases 
where  a  thick  hard  stratum  of  rock  existed,  50  or  60  feet  above  a 
coal-seam,  this  did  not  break  until  a  considerable  area  of  coal 
was  worked,  thus  delaying  the  final  crush.  Till  this  stratum 
broke  down,  the  weight  thrown  on  the  surrounding  coal  and  the 
roads  was  so  greatly  intensified  as  in  some  cases  to  make  it 
almost  impossible  to  keep  the  workings  open.  When  a  surface- 
break  occurred,  this  was  relieved,  and  a  regular  steady  subsidence 
ensued. 

Mr.  H.  F.  Bulman  (Burnopfield)  wrote  that  accurate  observa- 
tions were  much  wanted  in  connection  with  the  important 
questions  of  roof  control  and  surface  subsidence,  and  Mr.  H.  T. 
Foster  was  to  be  congratulated  on  having  added  to  the  record. 
His  observations  in  a  seam  dipping  1  in  10  were  that  the  inclina- 
tions from  the  horizontal  over  the  solid  coal  of  the  roof -breaks  in 
longwall  work  were  (figs.  17  and  18) : — rise  workings,  45  degrees; 
level  workings,  50  degrees ;  and  dip  Avorkings,  56  degrees ;  in  a  wide 
.goaf-area,  the  average  inclination  of  the  planes  of  fracture  was  68 
degrees  from  the  horizontal  plane  ;  and,  at  the  rise-side  of  a 
shaft-pillar,  the  inclination  was  roughly  58  degrees  from  the 
horizontal  plane,  over  the  solid  coal.     But  it  was  questionable 
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how  far  these  observations  supported  Mr.  Foster's  conclusions 
that  "  the  pressure  inducing  these  planes  of  fracture  may  he 
taken  to  he  approximately  at  45  degrees  to  them  "*  and  that  "  in 
an  inclined  seam  the  direction  of  the  general  subsidence  of  the 
strata  is  towards  the  dip  of  the  seamt"  and  that  "  in  leaving 
pillars  in  an  inclined  seam  for  surface-support,  more  coal  should 
be  left  to  the  dip  than  to  the  rise  of  the  area  to  be  sup- 
ported. "+ 

Of  the  forces  producing  subsidence,  that  of  gravitation  might 
be  taken  roughly  to  act  in  a  vertical  direction,  but  there  was 
also  a  lateral  movement  towards  the  goaf,  which  would  vary 
according  to  the  extent  of  the  open  space  to  be  filled.  As  Mr. 
Foster  stated,  there  was  a  movement  "  towards  the  goaf-area  in 
every  case,  due  to  the  horizontal  component  of  the  pressure  pro- 


-  "-'nation' 


'  in  10 
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Fig.  17. -Shewing  observed 
line  of  roof-break  ix  a 
dip-longwall  face. 


Fig.  18.— Shewing  observed 
line  of  roof-break  in  a 
rise-lontgwall  face. 


ducing  the  subsidence. '"§  In  the  case  of  a  longwall  face,  pro- 
ceeding towards  the  dip,  this  lateral  movement  towards  the  goaf 
behind  would  tend  to  counterbalance  the  vertical  movement  due 
to  gravitation,  and  it  was  difficult  to  see  how  the  resultant  of  the 
two  forces,  one  acting  vertically  and  the  other  horizontally  away 
from  the  solid  coal,  could  be  in  the  direction  CB  indicated  by 
Mr.  Foster  in  figs.  12  and  13  (plate  ix.).  Again,  the  line  of  frac- 
ture in  a  dip  longwall-face,  according  to  Mr.  Foster's  observa- 
tions, was  6  degrees  nearer  to  the  vertical,  or  away  from  the  solid 
coal  than  in  a  level-face,  and  11  degrees  nearer  to  the  vertical 
than  in  a  rise-face  (figs.  17  and  18) :  as  Mr.  Foster  stated  "  weight- 
breaks  in  dip-workings  are  more  nearly  vertical  than  those  in 

*  Trans.  Inst.  M.  E.,   1907,  vol.  xxxiv.,  page  411. 
t  Ibid.,  page  412.  \  Ibid.,  page  413. 
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rise-workings."*  Surely,  the  more  acute  line  of  roof-break  over 
the  solid  coal  (fig.  18)  snowed  that  the  pressure  extended  further 
over  that  coal.  Mr.  Foster's  observations  seemed  therefore  to 
show  that  in  a  seam  dipping  1  in  10  the  roof-pressure  extended 
further  over  a  rise-face  than  over  a  dip-face.  This  agreed  with 
the  opinion  hitherto  generally  accepted,  that  for  surface-support 
in  an  inclined  seam  more  coal  should  be  left  to  the  rise  than  to 
the  dip  of  the  surface  to  be  supported. 

The  classification  of  the  roof-pressure  into  first  weight,  second 
weight,  and  third  weight  was,  perhaps,  a  little  confusing,  if  one 
forgot  that  they  only  existed  separately  during  the  preliminary 
stages  of  working-.  Whenever  a  longwall-face  had  advanced  far 
enough  to  allow  the  roof  to  come  down  on  the  goaf  behind,  the 
first  and  second  weights  were  merged  into  one.  Similarly,  when 
the  movement  had  spread  to  the  upper  strata,  its  effect  was  added 
to  the  total.  It  was  misleading  to  suppose  that  there  were  three 
distinct  weights  acting  separately  and  independently  of  each 
other. 

Mr.  J.  P.  Kirkup  (Burnhope)  wrote  that  he  presumed  that  Mr. 
Foster's  paper  was  the  outcome  of  experience,  but  thought  that  it 
could  not  be  accepted  as  a  complete  summary  of  the  subject.  Some 
years  ago,  he  (Mr.  Kirkup)  had  an  opportunity  of  seeing  certain 
flexible  sandstones,  which  in  1  foot  of  length  could  be-  bent  several 
inches  without  fracture;  and  he  believed  that  this  flexibility  in 
a  somewhat  less  degree  pertained  to  many  of  the  rock-beds  of  the 
Coal-measures,  and  consequently  affected  roof-weights  in  mines. 
The  subdivision  of  roof-weights  by  Mr.  Foster  could  only  apply 
to  the  early  development  of  goaf-areas :  if  the  strata  immediately 
overlying  the  coal-beds  were  of  a  friable  character,  if  they  were 
'  strong  and  flexible  (as  they  very  often  were),  a  considerable  area 
could  be  exhausted  without  sign  of  fracture,  and  only  symptoms  of 
what  Mr.  Foster  termed  "  second  weight  "  would  be  evident.  The 
effect  of  first  weight  was  confined  to  any  friable  bed  immediately 
overlying  the  coal,  and  that,  in  the  writer's  experience,  often  of 
very  moderate  thickness.  In  the  case  of  a  strong  roof,  no  such 
first  weight  occurred,  but  a  steadily  progressive  increase  of 
pressure  until  the  working-faces  came  under  the  full  pressure 
exerted  by  the  strata  in  movement,  reaching  from  some  distance 
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over  tlie  coal-face  to  a  position  in  the  goaf,  where  they  had  come  to 
rest.  This  distance  might  vary  from  about  180  feet  in  thin  to  up- 
wards of  300  feet  in  thick  seams.  He  (Mr.  Krrkup)  inclined  to  the 
opinion  that  the  pressures  exerted  upon  the  coal-face  at  D  did  not 
represent  what  would  result  from  the  full  weight  of  the  superin- 
cumbent strata,  but  only  that  part  which  might  be  represented  by 
a  triangle,  ABC  (fig.  19).  The  sectional  area,  ACD,  of  pressures 
acts  on  the  face  of  the  coal-seam  and  on  the  adjoining  goaf-area, 
while  the  sectional  area,  BCD,  of  strata,  beneath  the  goaf-area, 
tends  to  heave  by  the  action  of  the  face-pressure,  AB.  The  object 
of  the  miner  should  be  to  prevent  the  occurrence  of  any  roof-frac- 
ture (which  would  tend  to  modify  this),  and  by  careful  attention  to 


Fig.  19. — Diagram  showing  Directions  of  Pressures. 

packing  the  goaf  to  gradually  allow  the  pressures  of  the  roof  and 
floor  to  meet,  at  the  same  time  keeping  the  working-face  steadily 
progressing. 

He  (Mr.  Kirkup)  was  extensively  working  two  seams  with  the 
following  section  :  ■ — -Depth  from  the  surface,  600  feet ;  strong 
rock-roof,  20  feet;  coal-seam,  1  foot  8  inches:  band,  from 
3  to  12  feet ;  and  coal-seam,  3  feet.  Large  areas  of  the  lower 
3  feet  seam  had  been  worked  by  the  pillar-and-stall  system,  and 
the  band  proved  to  be  a  very  bad  roof,  where  it  was  about  3  feet 
thick ;  it  improved  where  it  was  thicker.  Subsequent  to  the  ex- 
haustion of  the  lower  seam,  the  upper  thin  seam  was  opened  out  by 
the  longwall  system,  and  it  was  found  to  be  very  slightly  broken  : 
only  sufficient  to  slightly  modify  its  original  hardness.     The  rock- 
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roof  was  practically  without  a  fracture,  and  gateways  were  carried 
a  length  of  250  feet  without  the  use  of  props :  timber  only  being 
used  as  a  precaution  in  the  working-faces.  The  flexibility  of  this 
rock-roof  allowed  it  to  come  to  rest,  after  the  working  of  both 
seams,  without  a  violent  fracture. 

The  lateral  pressure  transmitted  through  the  flexible  beds 
underlying  the  coal-seam  produced  different  effects  in  varying 
underlying  beds :  in  soft  under-clays  of  a  plastic  character  the 
effect  in  the  roadways  was  much  the  same  as  that  observed  in  a 
plastic  brick-machine  ;  in  strong  under-beds  the  floor  moved  simi- 
larly to  the  roof,  in  its  efforts  to  assume  a  stable  equilibrium  by 
coming  together :  this  caused  the  sides  of  a  bottom-ripping  to  tilt 
and  break  upwards,  and  of  a  top-ripping  to  tilt  and  break  down- 
wards. This  lateral  movement  of  the  beds  underlying  a  goafed 
axea  had  been  observed  to  extend  to  a  depth  of  50  feet  below,  when 
the  overlying  strata  had  been  450  feet  thick ;  with  covers  600  feet 
thick,  no  movement  was  observed  at  a  depth  of  100  feet  below  a 
goafed  area.  The  evidence  from  other  workings  at  great  depths 
would  be  interesting  to  the  members. 

Mr.  Edward  Watson  (Akmolinsk,  Siberia)  wrote  that  Mr. 
Foster  had  very  clearly  pointed  out  many  of  the  conditions  re- 
quisite to  the  successful  working  of  longwall,  and  the  effects  of 
the  successive  roof -weights.  One  very  important  point  which 
he  did  not  particularly  mention  was  that  of  systematic  timber- 
ing. The  maximum  distances  between  props  and  that  between 
face  and  gob-rows,  and  also  the  distance  to  which  the  coal  might 
be  worked  beyond  the  face-timbers,  would  have  to  be  decided  for 
each  seam,  or  even  each  district  of  a  seam,  but,  once  fixed,  the  regu- 
lar setting  of  timber  must  be  enforced,  and  not  left  to  the  judgment 
of  the  workmen.  The  systematic  setting  and  drawing  of  timber 
was,  the  writer  believed,  the  great  secret  of  longwall  working. 
Mr.  Foster  had  particularly  mentioned  his  objection  to  leaving 
Avooden  packs,  by  which  he  (Mr.  Watson)  understood  him  to  mean 
chocks.  It  would  be  interesting  to  know  whether  Mr.  Foster 
had  had  actual  experience  of  building  wooden  chocks  in  road- 
sides, and,  if  so,  with  what  results. 

At  the  present  time,  the  writer  was  introducing  the  longwall 
method  of  working  in  Siberia.  If  any  accident  were  to  occur,  the 
.system  would  be  condemned  and  forbidden.     The  seam,  which  was 
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an  ideal  one  for  the  method,  was  as  follows  : — Coal,  5  A  to  6  feet, 
covered  by  1  foot  10  inches  of  soft  shale,  where  the  holing  was 
done  ;  above  this  was  coal,  2  feet  in  thickness,  which  formed  the 
roof  in  face,  and  first  "  rip  "  in  the  roads  ;  above  this  again,  there 
were  3h  inches  of  shale  and  1  foot  4  inches  of  coal,  which  formed 
the  second  "  rip,"  followed  by  7  feet  of  shale,  with  bands  of 
coal ;  and  above  these  was  100  feet  of  strong  post.  The  miners 
were  quite  unaccustomed  to  building  packs,  so  wooden  chocks 
measuring  4  feet  by  4  were  placed  along  the  roadside,  with  4  feet 
of  building  in  between.  So  far,  this  system  had  proved  most  satis- 
factory, and  the  men  were  beginning  to  see  the  advantages  of 
it  as  against  the  old  method  of  bord  and  pillar. 

Mr.  H.  T.  Foster  (Bentley),  replying  to  the  discussion,  wrote 
that  with  reference  to  Mr.  Lishman's  remark  on  the  angles  of  frac- 
ture given  in  the  paper,  the  inclinations  given,  in  every  instance, 
were  the  average  of  the  measured  inclinations  of  a  number  of 
similar  breaks,  also  that  fig.  3  (plate  ix.)  was  a  cross-section,  to 
scale,  of  an  advancing  longwall  face  in  a  tender  seam,  where 
the  roof  had  sheared  itself  and  lowered,  due  to  heavy  first  weight. 
The  amount  of  the  displacement  of  the  roof,  and  the  position 
of  each  break,  were  measured  in  an  advance  heading. 

Mr.  H.  F.  Bulman's  observations  were  confusing,  owing,  he 
(Mr.  Foster)  suggested,  to  his  departure  from  the  classification 
advocated  in  the  paper.  Mr.  Bulman  remarked  that  *'  it  was 
misleading  to  suppose  that  there  were  three  distinct  weights  act- 
ing separately  and  independently  of  each  other.  "*  The  writer, 
in  his  classification  of  roof-weights,  did  not  state  that  the  three 
weights  acted  independently,  but  attempted  to  show  that  the  move- 
ment of  the  roof-strata  might  be  divided  into  three  distinct 
stages,  acting,  in  a  fully  developed  mine,  at  the  same  time  but 
over  different  areas.  For  instance,  the  roof  adjoining  a  moving 
longwall  face  was  subject  to  first  weight ;  but,  as  the  face  ad- 
vanced, the  same  area  came  under  the  influence  of  the  second 
weight,  and,  finally,  of  the  third  weight,  as  explained  in  his 
paper.  The  writer  agreed  with  Mr.  Bulman  in  that  "  weight- 
breaks  in  dip-workings  are  more  nearly  vertical  than  those  in 
rise-workings."t     Mr.  Bulman  further  remarked  :   "  Mr.  Foster's 

*  Trans.  Inst.  M.  E.,  1907,  vol.  xxxiv.,  page  418. 
t  Ibid.,  pages  407  and  418. 

18 


184  DISCUSSION EOOF-WEIGHTS    IN    MINES. 

observations,  therefore,  seemed  to  show  that  in  a  seam  dipping- 
1  in  10,  the  roof-pressure  extended  further  over  a  rise-face  than 
over  a  dip-face.  This  agreed  with  the  opinion  hitherto  gener- 
ally accepted,  that  for  surface-support  in  an  inclined  seam  more 
coal  should  be  left  to  the  rise  than  to  the  dip  of  the  surface  to 
be  supported."*  The  writer  did  not  claim  that  the  first  weight- 
breaks  necessarily  influenced  the  amount  of  surface-draw.  He 
would  point  out,  however,  that  the  inclination  of  the  break 
in  rise-workings,  45  degrees  to  the  horizontal,  would,  if  pro- 
duced, give  a  longer  horizontal  measurement  on  the  surface  than 
the  inclination  of  the  break  for  dip-workings,  56  degrees  to  the 
horizontal.  This  was  the  reverse  of  the  conclusion  arrived  at 
by  Mr.  Bulman,  as  a  rise-face  became  the  dip-side  of  a  pillar, 
and  a  dip-face  became  the  rise-side  of  a  pillar,  left  for  surface- 
support. 

With  reference  to  Mr.  Bulman's  observation  on  the  resultant 
of  two  forces, t  the  writer  would  remark  that  figs.  12  and  13 
(plate  ix.)  refer  to  the  third  weight  over  a  goaf-are^,  the  planes 
of  fracture  given  being  induced  a  considerable  time  after  the 
working  of  the  coal  from  that  area,  while  the  weight-breaks 
given  were  the  result  of  the  first  weight  at  the  working-face. 

After  quoting  the  inclinations  of  first  weight  breaks,  and 
those  of  the  planes  of  fracture  due  to  the  third  weight,  Mr. 
Bulman  remarked :  "  But  it  was  questionable  how  far  these 
observations  supported  Mr.  Foster's  conclusions,  that  '  the  pres- 
sure inducing  these  planes  of  fracture  may  be  taken  to  be 
approximately  at  45  degrees  to  them,'  and  that  '  in  an  inclined 
seam  the  direction  of  the  general  subsidence  of  the  strata  is 
towards  the  dip  of  the  seam.' '+  The  writer  arrived  at  the  assump- 
tion for  the  direction  of  the  pressure  producing  the  third  weight 
in  the  goaf  by  the  following  reasoning: — When  viewed  over 
small  areas,  the  roof-strata  may  be  taken  to  be  composed  of 
brittle  rocks,  that  is,  when  an  excessive  stress  is  applied  they 
break  off  short,  with  little  or  no  strain.  He  had  found,  in  the 
wide  goaf-areas,  planes  of  fracture  induced  by  the  third  weight, 
the  majority  having  an  inclination  AB,  but  occasionally  planes 
of  fracture  at  right  angles  to  AB,  with  an  inclination  DB  (fig.  12, 
plate  ix.).       The  planes  of  fracture  extended   in  the  direction 

*  Trans.  1  ust.  M.  E.,   1907,  vol.  xxxiv. ,  page  417. 
t  Ibid.,  page  417.         X  Ibid.,  page  416. 
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of  the  strike  of  the  seam,  and  did  not  depend  upon  the  direction 
of  the  working-faces.  In  a  testing-machine,  compression  speci- 
mens of  homogeneous  brittle  substances  usually  fail  by  shearing 
along  planes  more  or  less  at  right-angles  to  one  another,  or  at 
45  degrees  to  the  direction  of  the  pressure  applied.  The  frac- 
tures so  obtained  were  also  supported  by  theoretical  reasoning. 
From  observations  in  the  mine,  and  the  result  of  experiment, 
the  writer  submitted  that  the  direction  of  the  pressure  might 
be  that  given  by  CB  (fig.  12,  plate  ix.),  but,  at  the  same  time, 
he  did  not  suggest  that  the  planes  of  fracture  indicated  the 
inclination  of  the  line  of  surface-draw. 

The  writer  agreed  with  Mr.  Lishman  that  a  common  basis 
for  the  investigation  of  roof-weights  is  advisable,  and  he  had 
attempted  in  his  paper  to  state  a  general  case  with  that  end  in 
view.  He  considered,  however,  that  the  question  of  the  subsid- 
ence of  the  strata  due  to  underground  workings  was  too  com- 
plex to  be  compared  to  the  action  of  simple  beams,  as  suggested 
by  Mr.  Lishman. 

A  general  case  might  be  taken,  to  explain  further  the  writer's 
view  of  the  movements  of  the  upper  strata — that  of  two  longwall 
faces  working  in  opposite  directions,  and  separated  by  a  goaf- 
area.  It  would  be  seen  from  fig.  15  (plate  ix.)  that  the  distance 
AC  between  the  undisturbed  beds  and  the  finally  subsided  beds 
was  practically  constant,  as  the  subsided  strata  followed  the 
working-face  at  a  uniform  distance.  Each  bed  was  subject 
to  two  curvatures ;  and  a  cross-section,  taken  parallel  to  the  face 
at  A,  would  occupy  in  turn  every  position  in  the  span  from  A  to 
C.  The  roof-strata  consisted  of  a  number  of  separate  beds  or 
layers  of  varying  sections  and  strengths.  Each  bed  extended  in 
all  directions,  and  was  free  to  move  laterally  between  the  adjacent 
beds.  The  undisturbed  strata  were  under  lateral  compressive 
stress,  and  the  beds  offered  more  resistance  to  compressive  than 
to  tensile  stresses.     The  beds  were  subsiding  in  ascending  order. 

Let  the  members  consider  a  separate  bed  at  A  (fig.  15,  plate  ix.) 
on  its  first  movement  during  subsidence.  As  the  bed  was  uni- 
form, its  neutral  plane  passed  through  its  centre ;  above  the 
neutral  plane  the  bed  was  in  tension,  and  below  this  plane  it 
was  in  compression,  due  to  the  bending  produced.  It  might  be 
stated  with  regard  to  beam-sections,  that  "  the  neutral  axis  in- 
variably passes  through  the  centre  of  gravity  of  the  beam,"  and 
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that  "  the  position  of  the  neutral  axis  has  nothing  whatever 
to  do  with  the  relative  strengths  of  the  material  in  tension  and 
compression."* 

As  the  stress  in  any  layer  varied  directly  as  the  distance  of 
that  layer  from  the  neutral  plane,  the  tensile  stress  on  the  upper 
surface  of  the  bed  in  question  was  equal  in  intensity  to  the  com- 
pressive stress  on  its  lower  surface.  When  the  stress  was  exces- 
sive, the  bed  would  fail  in  tension  in  the  upper  layers.  Usually, 
the  compressive  stress  was  practically  unable  to  produce  strain 
on  the  lower  layers,  and  the  tensile  stress  would  produce  the  strain 
required  for  the  curvature  by  lateral  extension  of  the  upper 
layers.  The  movement  was  towards  the  goaf,  and  it  extended 
to  some  point  further  over  the  solid  than  point  A  (fig.  15, 
plate  ix.).  This  became  the  point  at  which  the  compressive 
stress  on  the  lower  layer  of  the  next  bed,  or  series  of  beds,  in 
ascending  order,  acted,  while  the  tensile  strain  on  the  upper 
layers  extended  further  over  the  solid  and  caused  movement  to- 
wards the  goaf.  This  movement  was  probably  aided  by  the 
natural  stress  in  the  strata. 

Given  beds  of  rock  and  shale,  under  similar  conditions  of 
thickness  and  stress,  the  rock,  being  able  to  resist  tension  better 
than  shale,  would  be  strained  to  a  lesser  extent  in  the  upper 
layers.  Consequently,  the  line  of  draw  would  be  more  nearly 
vertical  in  rock  and  hard  strata  than  in  shale  and  weak  strata, 
as  pointed  out  by  Dr.  Dixon  in  his  remarks.!  Again,  the  stresses 
must  diminish  in  intensity  in  the  higher  strata,  due  to  decreased 
cover,  and  for  this  reason  the  writer  suggested  that  the  line  of 
initial  draw  might  assume  a  more  nearly  vertical  direction  as 
the  surface  is  approached.  At  a  later  stage  of  the  subsidence 
over  the  goaf,  the  beds  were  deflected  in  the  direction  opposite 
to  that  due  to  the  first  movement  over  the  solid  coal.  This  re- 
versed the  conditions  :  in  each  bed  the  layers  above  the  neutral 
plane  were  in  compression,  and  those  below  the  neutral  plane  were 
in  tension.  The  strain  produced  counteracted  that  previously 
induced  by  the  movement  in  advance  of  the  coal-face,  and  the 
strata  subsided  evenly,  probably  retaining  the  natural  stress  due 
to  the  lateral  compression  of  the  strata. 

*  Mechanics  applied  to  Engineering ,  by  Prof.  John  Goodman,  second  edition, 
1902,  page  297. 

t  Trans.  Inst.  M.  E.,  1907,  vol.  xxxiv.,  page  116. 
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The  writer,  by  the  above  reasoning,  bad  attempted  to  account 
for  the  line  of  initial  draw  extending-  over  the  solid  coal,  and 
to  prove  that  in  an  inclined  seam  the  direction  of  the  general 
subsidence  of  the  strata  in  wide  goaf-areas  was  towards  the  dip 
of  the  seam ;  and  also  that  the  movement  of  the  roof  strata  over- 
lying the  solid  coal  was  towards  the  goaf.  On  the  dip-side  of  a 
pillar  both  forces  were  acting  towards  the  dip  of  the  seam,  and 
should  produce  more  surface-draw  than  the  forces  on  the  rise- 
side,  which  were  acting-  in  opposite  directions.  This  led  the 
writer  to  conclude  that  "  in  leaving  pillars  in  an  inclined  seam 
for  surface-support,  more  coal  should  be  left  to  the  dip  than 
to  the  rise  of  the  area  to  be  supported. "  * 

The  Presidext  (Mr.  C.  E.  Rhodes)  moved  a  vote  of  thanks  to 
Mr.  Foster  for  his  interesting  paper. 

Mr.  M.  Walton  Browx  seconded  the  resolution,  which  was 
cordially  approved. 


Mr.  H.  St.  Johx  Durxford  read  the  following  paper  on  a 
"  Deep  Boring  at  Barlow,  near  Selby  "  :  — 
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DEEP  BORIXG  AT  BARLOW,  XEAR  SELBY. 


By  H.   St.  JOHN  DURNFORD,  M.Isst.C.E. 


Introduction. — The  question  of  the  extension  of  the  York- 
shire and  Midland  coal-field  to  the  east  must  always  be  a  matter 
of  very  great  interest  throughout  the  country,  but  especially  to 
those  whose  lot  lies  chiefly  in  the  Yorkshire  coal-field  ;  and  the 
writer  therefore  ventures  to  hope  that  the  following  notes  on  a 
deep  boring  which  has  recently  been  put  down  on  the  Earl  of 
Londesborough's  estate,  near  Selby,  may  be  of  interest  to  the 
members. 

This  estate,  covering  an  area  of  over  10,000  acres,  extends 
for  a  distance,  roughly  speaking,  of  8  miles  east  and  west  by  2 
miles  north  and  south,  and  adjoins  the  old  market  town  of  Selby. 
The  extension  of  the  Coal-measures  under  this  estate  was  a  ques- 
tion as  to  which  there  was  little  doubt;  but  the  particular  depth 
at  which  they  would  be  found  was  a  matter  largely  of  specula- 
tion, and  in  order  to  prove  this,  as  well  as  in  the  hope  of  finding 
a  workable  coal-seam,  a  boring  was  undertaken.  There  were 
practically  no  data  to  enable  his  lordship's  advisers  to  settle  the 
best  position  of  the  bore-hole  from  a  mining  point  of  view; 
and  it  was,  therefore,  thought  best  to  look  at  the  matter  chiefly 
from  a  geographical  standpoint,  and  to  place  the  bore-hole  in 
.the  most  convenient  situation  for  a  colliery  to  secure  access  to 
the  shipping  ports  of  the  district.  This  being  the  case,  it  was 
considered  that  the  most  suitable  position  was  that  shown  on 
fig.  1  (plate  x.),  whereby  easy  access  could  be  obtained  to  the 
river  Ouse,  as  well  as  to  the  main  line  of  the  North-eastern 
railway. 

Before  going  into  the  actual  details  of  the  boring  that  was 
carried  out,  it  may  be  fitting  to  remind  the  members  of  the 
stratigraphy  of  the  neighbourhood.  The  boundary  of  the  ex- 
posed Coal-measures,  to  the  east  of  Leeds,  runs  from  Parlington 
Park,  a  little  north  of  Micklefield,  where  the  Coal-measures  out- 
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crop,  in  a  line  between  Garforth  and  Mieklefield,  to  Pontefract, 
to  the  east  of  which  they  are  overlain  by  Magnesian  Limestone. 
The  latter  is  exposed  as  a  belt,  about  5  miles  wide,  running 
north-west  and  south-east,  and  the  eastern  boundary  passes 
through  Church  Fenton,  Thorpe,  and  a  little  east  of  Knottingley. 
The  Permian  is  in  turn  overlain  by  the  Trias,  and  the  bore-hole 
at  Barlow  was  started  in  the  Bunter  Beds  of  this  series.  It 
may  be  mentioned  that  Selby  derives  its  water-supply  from  the 
Bunter  Sandstone,  a  deep  well  having  been  put  down,  within 
recent  years,  at  Brayton  Barf,  a  little  to  the  south  of 
Hambleton. 

The  nearest  working  collieries  to  the  Barlow  bore-hole  are 
Mieklefield  (about  12i  miles  distant  in  a  north-westerly  direc- 
tion), and  Fryston  collieries  (about  11  miles  south-west),  where 
the  Beeston  bed  is  worked  at  depths  of  750  feet  and  1,620  feet 
respectively.  The  Coal-measures  at  these  two  places  are  dip- 
ping south-eastward,  and  it  was  to  be  expected  that,  at  Barlow, 
the  seams  of  the  Lower  Coal-measures  would  be  proved  at  a  very 
considerable  depth  from  the  surface. 

New  Calyx  Drill. — -The  contract  for  the  boring  was  let  in 
March,  1904 ;  operations  were  commenced  about  the  end  of 
July,  in  the  same  year,  and  were  completed  at  the  beginning 
of  August,  1906,  when  a  total  depth  of  2,371  feet  from  the  sur- 
face had  been  attained.  Considerable  difficulty  was  experienced 
in  obtaining  an  adequate  water-supply,  and  delays  were  caused 
at  one  time  and  another  on  this  account.  The  diameter  of  the 
hole,  at  the  commencement,  was  18  inches,  and  it  was  dimin- 
ished from  time  to  time  on  the  insertion  of  lining  tubes :  the 
last  300  feet  of  the  hole  being  6  inches  in  diameter,  from  which 
cores,  about  4J  inches  in  diameter,  were  obtained.  The  size  of 
the  hole  was  well  maintained  until  the  Coal-measures  were 
reached,  when  it  became  necessary  to  line  the  hole,  at  more 
frequent  intervals,  with  a  consequent  accelerated  diminution  of 
the  diameter.  Three  times  during  the  boring  operations  the 
hole  was  found  to  have  deviated  very  seriously  from  the  vertical, 
and,  in  one  instance,  as  much  as  80  feet  had  to  be  re-bored. 

The  new  Calyx  system  of  boring*  is  doubtless  familiar  to  the 
members,    but  a   short    description    of   the   plant    and    methods 

*   Trans.  Inst.  M.  E.,  1898,  vol.  xv.,  page  363. 
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may  not  be  out  of  place.  The  drill  is,  of  course,  of  tlie  rotary 
type,  aud  in  general  principle  is  similar  to  the  more  familiar 
diamond  drill,  both  employing-  the  same  method  of  water-flush- 
ing. The  Calyx  cutter,  cylindrical  in  shape,  is  made  of  specially 
toughened  tool-steel,  the  metal  being  about  \  inch  thick,  and 
has  long  teeth,  with  an  alternately  inward  and  outward  set  of 
about  ^  inch  after  the  manner  of  a  joiner's  saw.  The  speed 
of  the  cutter  should  not  exceed  about  10  revolutions  per  minute. 
The  Calyx  cutter  is  only  used  in  the  softer  rocks  ;  and  when  hard 
ground  has  to  be  bored  through,  it  is  replaced  by  a  shot-bit, 
consisting  of  a  cylindrical  steel  tube  having  triangular  notches 
cut  at  the  bottom,  with  a  base  of  about  1|  inches  and  2  inches 
in  vertical  height.  These  notches  allow  the  shot  to  gather  on 
both  sides  of  the  bit,  and  also  provide  for  the  free  circulation 
of  the  water  used  to  flush  the  hole.  The  chilled  shot  used,  No.  6 
size,  is  washed  downward  through  the  hollow  drill-rods.  A 
quicker  rotary  motion  is  permissible  when  the  shot-bit  is  being 
used  than  when  using  the  Calyx  cutter,  and  a  speed  of  from  10 
to  20  revolutions  per  minute  is  found  to  be  most  efficient. 

The  general  arrangement  of  the  boring  plant  is  shown  in 
figs.  2  and  3  (plate  x.).  The  pine  derrick,  consisting*  of  four  main 
legs  held  together  by  ties  and  braces,  was  50  feet  high.  The 
motive  power  was  supplied  by  a  horizontal  engine  with  two 
cylinders.  The  wire-rope  supporting  the  boring  rods  was  coiled 
round  a  drum,  2\  feet  in  diameter,  driven  by  a  chain-belt, 
whence  it  passed  over  the  top  of  the  double  crown-pulley  fixed 
at  the  head  of  the  derrick;  and,  forming  a  loop  carrying  the 
movable  pulley  attached  to  the  rods,  passed  back  over  the 
crown-pulley  and  thence  to  the  piston-rod  of  a  hydraulic  cylin- 
der on  the  ground,  to  which  it  was  firmly  attached. 

The  hydraulic  cylinder  forms  one  of  the  most  interesting 
features  of  the  Calyx  drilling  plant.  It  consists  simply  of  a  cast- 
iron  cylinder,  with  a  piston-rod  and  a  leather  bucket  inside, 
and  it  is,  to  all  intents  and  purposes,  a  hydraulic  weighing- 
machine.  The  writer  believes  that  it  is  only  within  recent  years 
that  it  has  been  used  in  connection  with  boring  operations,  and 
it  is  certainly  a  great  deal  superior  to  the  old  counter-balance- 
weight  system — when  it  was  largely  a  matter  of  guess-work  on 
the  part  of  the  man  in  charge  as  to  what  pressure  really  existed 
on  the  cutter.     By  means  of  a  gauge  connected  by  a  high-pres- 
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sure  hose  to  the  water  in  the  cylinder,  the  foreman-driller  can, 
at  any  time,  ascertain  the  pressure  on  the  tools,  as  the  ratio 
between  the  pressure  recorded  and  the  actual  pressure  must 
always  be  practically  constant.  He  can  also  by  opening  an 
exhaust-valve  at  the  water-end  of  the  cylinder,  regulate  the 
rate  at  which  the  rods  travel  downward  to  as  near  as  1  inch 
per  hour.  Perhaps  the  most  useful  feature  of  the  hydraulic 
cylinder  is  that  by  its  means  the  foreman  can  obtain  a  fair  idea 
of  the  nature  of  the  stratum  in  which  he  is  boring.  Suppose, 
for  instance,  the  bottom  of  the  hole  was  in  sandstone,  super- 
imposed on  a  coal-seam,  and  that  on  lowering  the  boring  tools 
into  the  hole,  whose  weight  is,  say,  8,000  pounds,  a  pressure 
of,  say,  2,000  pounds  is  indicated  by  the  gauge.  On  reaching 
the  coal,  a  sudden  decrease  in  the  resistance  offered  to  the  tool 
would  occur,  and,  consequently,  a  much  greater  pressure  would 
be  indicated  by  the  gauge  :  in  fact,  practically  the  whole  weight 
of  the  rods  and  cutter  would  be  borne  by  the  rope,  heedless  to 
say,  these  indications  are  of  the  utmost  value  to  the  man  in 
charge  of  the  boring. 

The  rotation  of  the  rods  is  acquired  by  means  of  an  arm 
clamped  securely  to  the  boring-rod,  nearest  to  the  ground-level ; 
and  this  arm  is  at  each  end  brought  into  contact  with  a  strong 
upright  steel  pin,  two  of  which  are  set  in  sockets  diametrically 
opposite  in  a  heavy  cast-iron  disc.  This  disc  has,  on  the  under 
side,  a  circular  toothed-rack,  geared  into  a  vertical  bevelled 
wheel,  which  latter  is  connected  to  the  engine  by  two  chain- 
belts  working  on  toothed  pulleys.  This  arrangement  allows 
the  rods  to  be  lowered  freely,  until  the  aforementioned  arm  is  at 
the  bottom  of  the  upright  pins,  when  it  is  undamped,  and  re- 
fixed  higher  up  the  rod. 

The  boring-rods  are  hollow,  having  external  and  internal 
diameters  of  3  inches  and  2h  inches  respectively.  Each  rod  is 
15  feet  long,  and  the  rods  are  screwed  one  into  the  other,  being 
disconnected  in  lengths  of  45  feet.  The  bottom  rod  is  secured 
to  the  core-barrel  by  means  of  a  reducing  plug,  which  also  carries 
the  cylindrical  chip-cup,  6  feet  in  length,  through  which  the 
bottom  drill-rod  passes.  When  boring  is  in  progress,  a  constant 
circulation  is  kept  up,  the  water  passing  through  the  drill-rods 
to  the  bottom  of  the  hole,  and  upward  between  the  core-barrel 
and  the  sides  of  the  hole,  carrying  with  it  the  mud  and  smaller 
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pieces  of  rock  which  have  not  gone  into  the  core-barrel.  When 
the  water  reaches  the  top  of  the  chip-cup,  the  space  is  less  con- 
fined ;  and,  consequently ,  the  velocity  of  the  water  decreases, 
causing  the  debris,  carried  by  the  stream,  to  fall  back  into  the 
annular  space  between  the  chip-cup  and  the  bottom  drill-rod. 
The  water  emerges  at  the  top  of  the  hole,  and  flows  away  in 
a  trough  or  some  other  prepared  channel,  and  may  be  either 
turned  into  a  drain  or  into  the  reservoir,  and  re-used  as  may  be 
desirable.  If  any  sediment  is  brought  out  of  the  hole,  instead 
of  being  deposited  in  the  chip-cup,  it  can  be  seen  in  the  return- 
trough,  so  that  it  would  seem  almost  impossible,  if  proper  care 
is  exercised,  for  any  stratum  of  coal  or  coaly  matter  to  be  btued 
through  without  its  presence  being  detected. 

To  extract  the  cores,  a  quantity  of  grit  is  washed  down  the 
rods,  and  it  is  arrested  at  the  cutter  or  shot-bit,  both  of  which 
taper  slightly  inwards  at  the  bottom,  so  that,  when  the  rods 
are  lifted,  the  particles  of  grit  become  tightly  wedged  between 
the  core  and  the  sides  of  the  tool  and  core-barrel  and  hold  the 
cores  tight.  As  the  rods  are  raised,  the  bottom  core  snaps  off, 
and  the  core-barrel  is  brought  to  the  surface.  The  core-barrel 
is  then  suspended  in  the  derrick,  the  cutter  or  shot-bit  is  screwed 
off.  and  usually  a  little  hard  knocking  on  the  sides  of  the  barrel 
will  suffice  to  release  the  cores. 

Bon -hole. — The  ground-level  at  the  top  of  the  hole  is  161 
feet  above  ordnance  datum-level.  Having  passed  through  a 
thin  superficial  deposit  of  soil  and  mud,  the  hole  entered  the 
Red  Sandstone  of  the  Trias,  presumably  the  Bunter  beds.  The 
strata  passed  through,  down  to  720  feet  or  so,  were  practically 
all  ferruginous  sandstones.  Below  720  feet,  a  series  of  marls, 
about  40  feet  thick,  was  passed  through.  Whether  these  marls 
belong  to  the  Bunter  or  the  Keuper  division  of  the  Trias  seems 
to  be  a  matter  of  some  controversy.  Some  writers  claim  all  the 
Trias  of  the  West  Riding  of  Yorkshire  as  Keuper,  whilst  other 
authorities  sub-divide  the  beds  into  Keuper  and  Bunter.  At 
a  depth  of  754  feet,  the  hole  entered  a  bed  of  gypsum,  followed 
by  a  bed  of  anhydrite,  the  two  having  a  total  thickness  of  about 
23  feet.  This  bed  of  anhydrite  is  very  persistent  throughout 
the  neighbourhood,  and  is  doubtless  identical  with  that  proved 
in  the  borings  at  Snaith,  Thorme,  and  Southcar;  and  probably 
the  same  bed  is  being  worked  at  Hillam,  where  it  is  converted 
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Into    plaster-of-paris.       Beneath,    the    anhydrite    came    another 
series  of  marls,  interbedded  with  thin  bands  of  gypsum. 

At  a  depth  of  800  feet,  the  Magnesian  Limestone  of  the 
Permian  was  entered.  The  uppermost  100  feet  of  this  lime- 
stone did  not  present  any  unusual  features.  It  was  very  hard, 
and  in  places  jointy,  but  gave  excellent  cores,  and  was, 
on  the  whole,  good  ground  for  boring.  At  900  feet,  thin  bands 
of  shale  and  gypsum  occurred,  followed  by  a  bed  of  red  marl, 
64  feet  thick.  Underneath  the  marl  came  a  bed  of  rock-salt, 
20  feet  thick.  This  would  appear  to  be  only  a  local  deposit, 
and  the  writer  fears  that  the  depth,  about  990  feet,  might  be 
a  serious  bar  to  profitable  working.  Some  difficulty  was  caused 
at  a  later  stage  by  erosion  of  the  lining-tubes  at  this  point,  but 
a  double  set  of  tubes  was  inserted,  one  inside  the  other,  and  no 
further  trouble  arose  on  this  account  up  to  the  time  that  the  hole 
was  abandoned. 

This  rock-salt  was  also  the  cause  of  a  good  deal  of  trouble 
with  the  water-supply  to  the  boiler  connected  with  the  boring- 
apparatus  at  the  surface.  This  boiler  was  of  the  ordinary  port- 
able locomotive  type,  and  obtained  its  water  from  a  pond,  into 
which,  the  water  from  the  bore-hole,  after  various  coursings  in 
the  prepared  channels  at  the  top,  was  allowed  to  flow.  The 
supply  of  water  in  the  pond  was  at  times  found  to  be  insufficient 
to  flush  the  bore-hole  properly  and  to  supply  the  boiler.  The 
flow  of  water  from  the  bore-hole,  which  in  passing  through  the 
salt-deposit  bad  become  highly  impregnated  with  salt,  caused 
serious  trouble  with  the  boiler-tubes,  and  in  a  few  days  these 
were  practically  ruined.  It  cannot  be  too  strongly  urged  tliat, 
in  a  deep  boring  of  this  character,  an  ample  supply  of  good 
clean  water  is  desirable,  to  be  obtained  from  a  stream  in  prefer- 
ence to  a  pond  or  reservoir,  which  is  likely  to  become  contam- 
inated witli  the  return-water  from  the  bore-hole. 

The  rest  of  the  Permian  strata,  from  990  to  1,305  feet, 
consisted  of  Magnesian  Limestone,  with  occasional  layers  of 
anhydrite  and  marl. 

At  a  depth  of  1,305  feet,  the  sudden  transition  from  Per- 
mian to  Carboniferous,  lithologically  in  this  case  from  limestone 
to  grey  shale,  occurred,  and  it  was  easily  observable.  The  upper- 
most 100  feet  of  the  Coal-measures  consisted  of  blue  and  grey 
shales,  apparently  barren  of  coal-seams.     At  1,406  feet,  the  first 
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signs  of  coal  were  met  with,  two  thin  streaks  of  coal  occurring1 
in  a  bed  of  sandy  shale,  15  feet  thick.  Xothing  further  of  par- 
ticular interest  was  met  with,  until  at  a  depth  of  1,500  feet, 
at  the  bottom  of  a  bed  of  blue  shale,  a  shaly  band,  not  more 
than  1  foot  thick,  was  passed  through,  containing  marine  fossils. 
A  number  of  Pterinopecten  papyraceous  and  one  or  two  Goniatites 
impressions  were  obtained  from  the  core.  An  attempt  has  been 
recently  made  by  a  few  eminent  geologists  to  determine  the  zones 
of  the  Coal-measures  by  the  marine  bands,  and  the  particular 
band  referred  to  correlated  with  a  marine  band  found  imme- 
diately below  the  Ackworth  Eock,  at  a  boring  near  Pontefract 
and  elsewhere.  Through  the  kindness  of  Mr.  E.  L.  Hummel, 
of  Leeds  University,  the  writer  is  enabled  to  show  the  members 
specimens  of  Pterinopecten  papyraceous  and  Goniatites  obtained 
from  a  boring  at  Wentbridge,  near  Pontefract,  alongside  of 
specimens  obtained  from  the  Barlow  bore-hole,  the  two  sets  of 
fossils  being  much  alike.  The  marine  band  referred  to  overlies 
a  bed  of  fire-clay,  1  foot  thick. 

From  1,500  to  1,610  feet,  the  strata  consist  of  grey  and  blue 
shales  of  a  somewhat  sandy  nature,  with  an  occasional  thin 
layer  of  sandstone.  In  a  bed  of  dark-coloured  shale,  occurring 
at  a  depth  of  about  1,600  feet,  nodular  haematite  was  found. 
At  1,615  feet,  a  seam  of  coal,  1  foot  3  inches  thick,  was  passed 
through.  The  coal  appeared  to  be  very  soft  and  friable,  and 
did  not  form  a  core.  The  seam  was  underlain  by  4  feet  of 
fire-clay.  From  1,615  to  1,900  feet,  typical  Middle  Coal- 
measure  strata  were  met  with  :  shales,  mostly  of  a  dark  and 
carbonaceous  character ;  stone-bind,  etc.  Beds  of  fire-clay  were 
passed  through  at  1,760  and  1,776  feet,  being  1  foot  and  4  feet 
thick  respectively.  From  1,900  to  2,000  feet,  the  strata  was- 
very  much  broken.  At  1,924  feet  a  coal-seam,  9  inches  thick, 
was  found  :  the  roof  being  sandstone  and  the  seat-earth  fire-clay. 

Yery  abundant  fossil  plants  were  met  with  in  the  stone- 
bind  and  shale  occurring  between  2,000  and  2,040  feet,  the- 
following  ferns  being  in  evidence  :  — Sphenopteris,  N europteris 
heterophylla,  N.  tenuifolia,  Alethopteris  decurrens,  and  ^4.  lon- 
chitica.  Besides  these  ferns,  numerous  Calamites  and  some 
Stigmaria  and  rootlets  were  found.  The  ferns  were  submitted 
to  Prof.  Robert  Kidston,  of  Stirling,  who  had  no  hesitation  in. 
saying  that  they  had  been  obtained  from  Middle  Coal-measures : 
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probably  high  up  in  the  series.  Specimens  of  these  fossils  may 
be  seen  by  the  members.  The  cores  obtained  at  2,100  feet  con- 
tained several  specimens  of  Anihracosia  and  Anthracomya. 

At  a  depth  of  2,122  feet,  a  seam  of  coal,  3  feet  thick,  was 
passed  through.  A  core  was  obtained,  but  the  coal  was  very 
hard  and  apparently  of  inferior  quality.  The  seat-earth  was 
a  bed  of  fire-clay,  8  feet  thick.  From  this  bed  of  coal  to  the 
bottom  of  the  hole  the  cores  were  very  much  broken  up.  At 
2,170  and  2,200  feet,  there  was  distinct  evidence  of  faulting, 
although  whether  on  a  large  or  on  a  small  scale  it  is  impossible 
to  say.  The  cores  obtained  from  these  depths  were  of  a  very 
-crushed  and  dirty  nature,  and  very  distinct  slickensiding  was 
observable.  Xear  the  latter  depth,  the  bedding-planes  showed 
an  apparent  dip  of  about  70  degrees.  Streaks  of  coal  occurred 
at  2,110  feet.  From  2,200  feet  to  the  bottom,  the  strata  were, 
if  anything,  rather  less  disturbed,  and  consisted  of  sandstone 
and  blue  shale,  but  the  high  inclination  of  the  measures 
appeared  to  be  accentuated  with  the  greater  depth,  although  a 
slight  diminution  was  observable  in  the  last  10  feet  or  so. 

When  a  depth  of  2,371  feet  had  been  attained,  boring  was 
discontinued  on  account  of  the  proved  deviation  of  the  hole  from 
the  vertical,  and  the  very  high  inclination  of  the  measures.  In 
fact,  it  became  evident  that  the  line  of  the  hole  was  so  near 
to  being  parallel  with  the  bedding-planes  that  a  great  deal  of 
boring  had  to  be  done  to  prove  a  comparatively  very  thin  section 
of  strata. 

On  two  occasions,  experiments  were  made  in  order  to  prove 
the  deviation  of  the  hole  from  the  vertical,  the  following  method 
being  adopted  :  An  ordinary  clear-glass  quart  bottle  was  partly 
rilled  with  liquid  cement  and  placed  in  a  cylindrical  case,  into 
which  it  fitted  tightly  so  as  to  allow  of  no  lateral  movement. 
The  case  was  of  steel,  and  had  a  tightly-fitting  lid  to  protect 
the  bottle  from  the  enormous  water-pressure  at  the  bottom  of 
the  hole.  At  each  test,  a  case  was  used  of  practically  the  same 
diameter  as  the  bore-hole  at  the  particular  point  where  the 
test  was  to  be  made.  The  first  test  was  made  when  the  hole 
was  at  a  depth  of  2,120  feet.  The  case  was  lowered  into  the 
hole  by  the  boring-rods  on  a  Saturday  morning,  and  was  allowed 
to  remain  at  rest  on  the  bottom  until  the  following  Monday, 
when  it  was  pulled  up  and  the  bottle  withdrawn.     The  line  of 
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the  cement  set  in  the  bottle  used  in  the  first  test  shows  that  the 
line  of  the  hole  at  the  depth  of  2,120  feet  was  inclined  to  the 
vertical  at  an  angle  of  about  15  degrees.  Boring  was  continued 
in  the  hope  of  somewhat  straightening  the  hole,  and  a  further 
test  was  made  at  a  depth  of  2,300  feet.  The  bottle  used  in  the 
second  test  shows  that  the  deviation  was  slightly  less  than  was 
the  case  at  the  higher  point,  the  angle  being  about  12  degrees. 
It  must  be  admitted  that  these  tests  were  only  of  a  very  rough- 
and-ready  character,  and  no  attempt  was  made  to  ascertain  the 
direction  in  which  the  deviation  had  taken  place.  In  spite  of 
careful  inquiries,  the  writer  was  unable  to  obtain  any  reasonably 
economical  apparatus  guaranteed  to  give  practical  and  satisfac- 
tory results  as  to  the  direction  of  dip  in  a  bore-hole,  although 
theoretical  methods  would  seem  to  be  numerous ;  and,  as  the 
value  of  such  information  did  not  warrant  a  costly  outlay,  no 
attempt  was  made  to  ascertain  the  direction  of  the  deviation. 

With  reference  to  the  question  of  the  deviation  of  the  bore- 
hole, it  is  interesting  to  note  that  at  a  depth  of  about  2,200  feet 
it  was  found  necessary  to  insert  a  long  length  of  casing,  6  inches 
in  diameter.  This  was  lowered  down  the  hole  in  one  length  of 
about  180  feet,  and  passed  easily  down  to  the  bottom.  Some 
difficulty  was  found  in  releasing  the  casing  from  the  rods,  with 
which  it  was  lowered,  and  this  fact  would  tend  to  show  that  the 
deviation  must  have  taken  place  very  gradually,  and  the  writer 
has  therefore  prepared  a  sketch  (fig.  4,  plate  x.)  showing  what, 
in  his  opinion,  really  had  taken  place  in  this  bore-hole.  He 
is  of  opinion,  however,  that  when  it  is  at  all  feasible,  care- 
ful tests  should  be  made  at  regular  intervals  of,  say,  150  feet 
in  a  new  bore-hole,  to  ascertain  both  the  amount  and  direction 
of  any  deviation  that  might  have  taken  place,  so  that  an  accurate 
record  of  the  exact  line  of  the  bore-hole  could  be  obtained. 

From  a  careful  consideration  of  the  apparent  dip  of  the 
measures  as  shown  in  the  cores,  it  was  observed,  throughout 
the  Trias  and  the  Permian,  that  the  bedding-planes  were  at 
right  angles  to  the  line  of  the  bore-hole,  from  which  it  is  evident 
that  the  stratification  as  far  down  as  the  Coal-measures  is  hori- 
zontal. In  Coal-measure  strata,  however,  the  apparent  dip  was 
very  small  at  the  top,  but  appeared  to  increase  as  the  hole  became 
deeper,  as  already  mentioned,  the  bedding-planes  near  the  bot- 
tom of  the  bore-hole  being  nearly  parallel  with  the  sides  of  the 
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cores.  This  might  be  accounted  for  to  some  extent  by  the  rea- 
sonable assumption  that  the  deviation  of  the  bore-hole  gradually 
increased  in  a  line  following  the  dip  of  the  measures,  although 
the  writer  has  heard  that  this  latter  point  has  been  disputed. 
The  increase  of  the  dip,  however,  was  so  very  marked  that  this 
explanation,  although  possibly  correct  as  far  as  it  goes,  is  very 
inadequate  ;  and.  to  account  fully  for  the  facts,  one  must  assume 
some  disturbance  of  the  strata,  either  in  the  way  of  a  series  of 
faults,   or,   what  seems  more  probable,   a  folding  of  the  strata 


Fio.  5. —General  View  of  Plant. 

combined  with  some  faulting.  It  has  been  suggested  that  the 
Don  faults,  which  appear  in  the  neighbourhood  of  Denaby  and 
Cadeby  collieries  to  be  running  in  a  north-easterly  direction, 
may  be  continued  across  the  coal-field  in  the  same  direction, 
which  would  result  in  a  disturbance  of  the  strata  in  the  neigh- 
bourhood of  Barlow.  As,  however,  a  distance  of  about  20  miles 
separates  Denaby  and  Cadeby  from  Barlow,  a  very  slight  change 
in  the  direction  of  these  faults  would  destroy  this  theory,  al- 
though, of  course,  the  state  of  affairs  suggested  is  quite  con- 
ceivable.    The  theory  most  consistent  with  the  observed   facts 
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is  that  the  bore-hole  passed  through  the  Coal-measures  on  the 
limb  of  a  nionoclinal  or  an  anticlinal  fold,  and  fig.  4  (plate  x.) 
suggests  the  probable  nature  of  the  stratigraphical  conditions, 
as  indicated  by  the  apparent  dip  shown  in  the  cores.  The  bore- 
hole proved  some  1,060  feet  of  Middle  Coal-measure  strata,  and 
as  geologists  tell  us  that  no  thickness  of  500  feet  of  such  strata 
is   known  to  exist   in   England   without   containing  a   workable 

seam  of  coal,  it  is 
very  probable  that 
the  bore-hole  has 
gone  down  through 
the  limb  of  a  fold, 
where  the  seams 
have  been  either 
thinned  or  pinched 
out  altogether;  and, 
if  anotherbore-hole 
were  put  down  in 
the  neighbourhood, 
some  distance  from 
the  site  of  the  pre- 
sent one,  normal 
conditions  might 
be  found  to  exist, 
and  the  same  thick- 
ness of  strata  that 
was  proved  at  Bar- 
low might  be  found 
to  be  rich  in  the 
coal-seams  usually 
found  in  the  upper 
portion  of  the  Mid- 
dle Coal-measures. 
It  has,  in  fact,  been  suggested  by  Mr.  Elmsley  Coke,  of  Nottingham, 
that  the  beds  of  fire-clay  passed  through  are  the  seat-earths  of  coal- 
seams  and  that,  had  the  bore-hole  been  more  fortunately  situated, 
the  seams  would  have  been  found  intact.  It  is,  of  course,  possible 
that  some  very  thin  seams  of  coal  may  have  been  passed  through 
without  being  detected  ;  but,  in  the  writer's  opinion,  the  system 
adopted,  although,  of  course,  not  infallible,  rendered  it  a  virtual 


Fig.  6.— Boring  Derrick. 
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impossibility  to  bore  through  a  seam,  6  inches  or  1  foot  thick, 
without  any  indication  of  its  presence,  that  is,  of  course,  if 
reasonable  care  were  exercised  by  those  in  charge. 

Conclusion. — In  conclusion,  the  writer  wishes  to  express  his 
indebtedness  to  the  many  gentlemen  who  have  taken  so  kindly 
an  interest  in  the  undertaking,  more  especially  to  Prof.  P.  F. 
Kendall,  Mr.  Walcot  Gibson  of  the  Geological  Survey,  Mr.  Elms- 
ley  Coke  of  Nottingham,  Prof.  F.  W.  Hardwick  of  Sheffield, 
and  Mr.  E.  L.  Hummel  of  Leeds  University,  for  their  invaluable 
co-operation  and  the  benefit  of  their  wide  experience. 


APPENDIX. — Section  of  Strata  in  a  Bore-hole  at  Barlow,  near  Selbv,  in 
the  parish  of  barlow,  county  of  yorkshire,  during  1904-1906.  latitude 
53°  45   '20"  and  Longitude  1°  2'  ;  161  Feet  above  Ordnance  Datum-level. 
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0 

55  Dark   -  coloured 

80  Fire-clay 

4 

0 

1,776 

0 

shale     ... 

18 

0 

1,394 

0 

81  Stone -bind 

5 

0 

1,781 

0 

56  Blue  shale 

12 

0 

1,406 

0 

82  Light  -  coloured 

57  Sandstone         and 

shale     ... 

6 

0 

1,787 

0 

sandy  shale,  with 

83  Dark  -  coloured 

-  qocU-  veins 

15 

0 

1,421  • 

0 

shale     ... 

13 

0 

1,800 

0 

5S  Blue      hale,    with 

84  Light  -  grey   sand- 

sandstonedayers 

19 

0 

1,440 

0 

stone    ... 

14 

0 

1,814 

0 

59  Blue  shale 

60 

0 

1,500 

0 

85  Blue   shale :    very 

60  Fire-clay 

1 

0 

1,501 

0 

friable  ... 

5 

0 

1,819 

0 

61  Blue  shale 

18 

0 

1,519 

0 

86  Stone-bind 

18 

0 

1,837 

0 

62  Light  -  coloured 

87  Blue  shale 

3 

0 

1,840 

0 

sandy  shale     ... 

7 

0 

1,526 

0 

88  Stone-bind 

2 

0 

1,842 

0 

63  Blue  shale 

45 

0 

1,571 

0 

89  Blue  shale 

41 

0 

1,883 

0 

64  Grey  shale 

6 

0 

1,577 

0 

90  Grey  sandstone . . . 

41 

0 

1,924 

0 

65  Dark  -  coloured 

91  COAL     

0 

9 

1,924 

0 

shale,  with  iron- 

92 Fire-clay 

4 

0 

1,928 

9 

stone-nodules... 

I 

6 

1,584 

6 

93  Shale :  rotten     . . . 

48 

3 

1,977 

0 

66  Sandy  shale 

4 

6 

1,5S9 

0 

94  Blue  shale 

/ 

0 

1,9S4 

0 

67  Dark-blue  shale  .. 

26 

0 

1,615 

0 

95  Stone-bind 

74 

0 

2,058 

0 

63  COAL      

1 

3 

1.616 

3 

96  Blue  shale 

61 

0 

2,119 

0 

69  Fire-clay 

4 

0 

1,620 

3 

97  COAL  :  inferior 

3 

0 

2  122 

0 

70  Blue  shale 

29 

9 

1,650 

0 

98  Fire-clay 

8 

0 

2,130 

0 

71  Grey     shale     and 

99  Light  -  coloured 

sandstone-layers 

32 

0 

1,682 

0 

stone    ... 

40 

0 

2,170 

0 

72  Blue  shale 

9 

0 

1,691 

0 

100  Blue  shale 

8 

0 

2,178 

0 

73  Stone-bind 

13 

0 

1,704 

0 

101  Light  -  coloured 

74  Dark-blue  shale  .. 

27 

0 

1,731 

0 

stone    ... 

17 

0 

2,195 

0 

75  Fire  clay 

1 

0 

1,732 

0 

102  Blue    shale,    with 

76  Sandstone 

4 

0 

1,736 

0 

coal-  veins 

22 

0 

2,217 

0 

77  Stone-bind 

8 

0 

1,744 

0 

1 03  ( 4  re}'  sandstone . . . 

63 

0 

2,280 

0 

78  Blue  shale 

24 

0 

1,768 

0 

104  Blue  shale 

91 

0 

2,371 

0 

The  President  (Mr.  C.  E.  Rhodes)  said  that  the  question  of 
the  extent  of  the  Coal-measures,  existing;  at  a  workable  depth  and 
of  a  workable  character,  was  of  primary  importance  to  the  future  of 
mining  in  the  South  and  West  Yorkshire  coal-fields.  It  was  unfor- 
tunate that  the  bore-hole  at  Barlow  appeared  to  have  been  put 
down  either  in  close  proximity  to  some  faults  or  to  an  anticlinal. 
It  was  difficult  to  conceive  that  the  dip  of  the  Coal-measures  could 
vary  as  the  hole  became  deeper;  but  it  certainly  appeared  that 
the  inclination  of  the  measures  altered  after  reaching  Carbon- 
iferous measures.  This  variation  tended  to  prove  that  at  a  certain 
depth  the  boring  was  possibly  deflected  alongside  a  fault,  and 
the  appareutly  high  inclination  of  the  measures  might  thus 
be  accounted  for.  In  the  successful  boring  at  Southcar,  to  a 
depth  of  -j,195  feet,  the  cores  showed  that  the  Coal-measures  at 
Southcar  were  absolutely  uniform,  so  far  as  one  could  form  an 
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opinion,  as  to  dip  and  inclination,  from  top  to  bottom.  At  Bar- 
low, he  could  not  help  thinking  that  some  dislocation  of  the 
measures  had  deflected  the  direction  of  the  bore-hole  and  ren- 
dered the  conclusions  unsatisfactory. 

Mr.  Gr.  Duxsxox  (Doncaster)  said  that  the  measures  in  the 
Southcar  boring-*  appeared  to  be  perfectly  flat,  from  the  top  to  a 
depth  of  3,195  feet  3  inches.  It  would  be  of  very  great  interest 
to  the  whole  of  the  West  Riding,  from  the  point  of  view  of  the 
water-supply,  if  in  new  borings  put  through  the  IS^ew  Red  Sand- 
stone they  could  know  at  what  depth  the  Pebble-bed  Series  was 
found  and  its  thickness,  and  if  possible  the  samples  of  the  water 
should  be  taken  and  analysed.  As  a  member  of  the  Sanitary 
Committee  of  the  "West  Eiding  County  Council,  as  well  as  a 
mining  colleague,  he  would  be  glad  to  receive  any  information 
as  to  the  quantity  and  quality  of  the  water-supply  from  that 
portion  of  the  Xew  Red  Sandstone. 

Mr.  W.  "Walker  (H.M.  Inspector  of  Mines)  said  that  the 
bed  of  rock-salt,  20  feet  thick,  if  extended  over  a  considerable  area, 
could,  he  thought,  be  worked  to  profit  at  a  depth  of  967  feet. 
In  the  Middlesbrough  district,  it  was  worked  at  a  depth  of  1,300 
or  1,400  feet ;  but  was  of  much  greater  thickness.  As  regarded 
the  dip  of  the  strata  at  the  bottom  of  the  bore-hole,  he  agreed 
with  the  theory  advanced  by  the  President,  that  the  boring-tool 
had  come  in  contact  with  a  fault  and  been  deflected  by  it,  and 
the  cores  made  the  beds  appear  as  if  they  were  practically 
vertical. 

Mr.  R.  McLaren  (H.M.  Inspector  of  Mines)  said  that  a  boring 
to  a  depth  of  about  4,535  feet  had  been  put  down  in  the  eastern 
portion  of  Pifeshire  ;  and  the  core  at  the  bottom  was  less  than  £ 
inch  in  diameter.  It  had  been  proved  that  that  bore  had  been 
deflected  from  the  vertical.  He  suggested  that  the  bore-hole  at 
Barlow  might  have  been  deflected,  not  so  much  through  meeting 
a  fault  as  meeting  hard  strata. 

Mr.  J.  H.  Merivale  (Broonihill)  did  not  think  from  the 
evidence  that  the  strata  necessarily  lay  at  a  high  angle  as  sug- 

*  "The  Eastern  Extent  of  the  Midland  Coal-field,  and  the  Exploration  at 
Southcar,"  by  Mr.  George  Dunston,  Trans.  Inst.  M.  E.,  1896,  vol.  xii. ,  page  515. 
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gested :  the  cores  seemed  to  prove  that  the  strata  were  hori- 
zontal, and  the  apparent  dip  arose  from  the  deflection  of  the 
bore-hole. 

Mr.  John  T.  Stobbs  (Stoke-upon-Trent)  remarked  that  in 
the  section  of  the  bore-hole,  at  the  top,  there  were  first  red  marls, 
next  magnesian  limestone  of  Permian  type,  underlain  by  red 
marls  with  rock-salt.  The  rock-salt  of  Middlesbrough  and 
Cheshire  was  Triassic,  and  was  superior  in  position  to  the  Per- 
mian Magnesian  Limestone.  What  was  the  reason  for  placing  the 
rook-salt,  in  this  case,  in  the  Permian  system  ?  Magnesian  lime- 
stone did  occur  in  many  formations,  and  if  the  fossils  in  this  mag- 
nesian limestone  or  dolomite  were  of  Permian  type,  then  the 
underlying  red  marls  would  also  be  Permian.  Possibly  the  under- 
lying red  marls  might  contain  fossils,  and  if  they  were  Triassic 
that  would  prove  this  magnesian  limestone  to  be  Triassic  rather 
than  Permian.  It  was  an  important  point,  in  studying  the  geo- 
logical structure  of  a  coal-field,  that  the  nomenclature  of  the  beds 
should  be  accurately  determined  by  reference  to  the  fossils.  The 
variation  of  dip  of  the  strata  shown  was  not  common,  but  in  a 
shaft,  in  ]N"ortk  Staffordshire,  the  strata  in  the  upper  portion  were 
almost  horizontal,  whilst  lower  down  they  were  almost  vertical, 
and,  of  course,  the  shaft  was  vertical  throughout.  If,  as  had  been 
suggested,  the  bore-hole  had  been  deflected  by  a  fault,  that 
would  be  revealed  by  the  nature  of  the  cores ;  and  if  the  cores 
were  sound  throughout,  the  bore  might  be  considered  not  to  have 
been  deflected  by  a  fault.  He  did  not  think  that  a  despondent 
view  should  be  taken  because  cores  were  not  obtained  of  the 
coal-seams.  If  the  depth  was  over  1,500  feet,  and  the  diameter 
of  the  hole  was  only  lh  or  2  inches,  it  was  quite  possible  in 
drawing  the  rods  that  fragments  of  the  core  of  coal,  which  was 
necessarily  tender  and  fragile,  might  drop  out. 

The  record  of  the  bore-hole  constituted,  he  thought,  addi- 
tional evidence  of  the  value  of  palaeontology  to  mining  engineers. 
In  striking  Coal-measures,  buried  beneath  upper  beds,  whether 
Triassic  alone  or  Triassic  and  Permian,  it  was  of  the  utmost 
importance  that  mining  engineers  should  know  what  chance 
there  was  of  getting  payable  coal-seams,  and  their  opinion  of  the 
prospect  was  determined  very  largely  by  the  position  in  the  Coal- 
measures  at  which  the  first  coal  was  struck.  The  author  stated  that 
some  people  were  attempting  to  zone  the  Coal-measures  by  marine 
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Lands  ;  but  this  "  zoning  "  was  by  fresh-water  molluscs.  It  was 
a  pity  that  the  specific  names  of  the  molluscs  mentioned  in  the 
paper  had  not  been  determined,  for  it  made  all  the  difference  as 
to  whether  the  Anthracomya  was  Phillipsi  or  modiolaris,  as 
indicating  an  upper  or  lower  zone  in  the  Coal-measures. 

It  seemed  to  him  that  the  direction  of  the  anticline,  whether 
north  and  south,  or  east  and  west,  was  important.  An  anticline 
running  east  and  west  pointed  to  the  fact  that  it  was  a  member 
of  a  series  of  earth-movements,  which  probably  detached 
the  Yorkshire  and  Durham  coal-fields.  The  Durham  Coal- 
measures  rose  southward  and  cropped  out  underneath  the  Mag- 
nesian  Limestone,  pointing  to  the  existence  of  an  anticline 
extending  in  an  east-and-west  direction  to  the  south  of  that  coal- 
field. The  paper  was  one  of  the  most  important  contributions 
in  recent  years  to  the  solution  of  the  problem  of  the  extension 
of  the  Midland  coal-fields. 

Prof.  Gr.  E.  Thompson  (Leeds)  asked  whether  there  was  any 
evidence  of  the  direction  of  dip  in  the  bore-hole.  Two  theories 
had  been  propounded — one  that  the  dip  was  due  to  an  anticline 
in  the  carboniferous  rocks,  the  other  that  it  was  local  and  due 
to  faulting.  Presumably  the  anticline  suggested  would  be  that 
bounding  the  Yorkshire  coal-field  on  its  northern  side,  and 
having  got  to  the  south  of  the  axis  (Market  Weighton  axis), 
the  beds  should  dip  to  the  south  on  the  first  supposition ;  but,  on 
the  supposition  of  a  fault,  the  dip  might  be  in  any  direction.  The 
cores  showed  evidence  of  sliding  having  taken  place  along  the 
bedding-planes,  due  to  a  folding  movement ;  this  might,  however, 
be  due  to  the  proximity  of  a  fault  or  to  earth-movement. 

Mr.  John  Gerrard  (H.M.  Inspector  of  Mines)  said  that,  in  this 
country,  engineers  concentrated  their  attention  on  getting  cores  of 
the  strata;  but,  in  other  countries,  information  was  obtained  as  to 
the  amount  and  direction  of  the  dip  of  the  strata,  and  he  thought 
that  attention  should  be  devoted  to  these  matters  in  this  country. 
In  Ireland,  rock-salt  was  worked  at  a  depth  of  900  feet  in  three 
or  four  mines.  The  thickness,  however,  of  the  salt-bed  was  of 
more  importance,  as  regarded  its  being  workable,  than  its  depth. 
He  could  not  say  whether  a  bed,  20  feet  thick,  would  be  profit- 
able to  work,  because  it  was  necessary  to  leave  a  considerable 
thickness  of  the  salt  under  the  marl  for  support.     In  Ireland 
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the  beds  were  much  thicker  than  20  feet;  and  at  Fleetwood, 
where  the  largest  amount  of  rock-salt  in  this  country  was  being 
worked,  the  deposit  was  about  700  feet  deep,  and  two  beds,  30  or 
40  feet  thick,  were  being  worked.  The  absence  of  coal-seams  in 
a  thickness  of  500  feet  of  strata,  was  not  exceptional :  at  Brad- 
ford and  Manchester,  1,200  feet  of  strata  did  not  contain  a 
workable  seam.  He  did  not  attach  much  value  to  records  of  the 
thickness  of  coal-seams,  because  they  were  determined  in  a  rough- 
and-ready  way,  and  when  details  were  sought  it  was  often  found 
that  there  was  a  good  deal  of  guesswork  about  them. 

Mr.  C.  Fox  Steangways  (London)  wrote  that  the  Barlow 
boring  was  of  considerable  interest,  from  the  fact  that  the  site 
was  at  no  great  distance  from  the  northern  boundary  of  the 
Yorkshire  coal-field,  and  within  the  area  where  these  measures 
had  in  all  probability  an  easterly  strike.  Owing  to  the  unfortu- 
nate deviation  of  the  lower  part  of  the  bore-hole,  much  valuable 
information  was  lost;  but,  if  the  Coal-measures  were  much  dis- 
turbed at  this  point,  as  appeared  to  be  the  case,  this  led  to  the 
supposition  that  a  bore-hole  sunk  somewhere  in  this  district,  but 
away  from  the  line  of  probable  disturbance,  would  afford  better 
■evidence  of  the  character  of  these  underlying  measures. 

Dr.  Wheeltox  Hind  (Stoke-upon-Trent)  wrote  that  there 
was  little  to  discuss  in  Mr.  Durnford's  paper  from  a  palseonto- 
logical  point  of  view.  But  he  was  not  aware  that  any  attempt 
had  been  made  to  zone  the  Coal-measures  in  Britain  by  their 
marine  bands.  \Yhat  had  been  done  was  this  :  the  Coal-measures 
were  zoned  by  the  species  of  Anthracomya  and  Carbonicola,  and 
the  marine  bands  were  most  useful  accessory  aids,  when  the 
relation  of  each  to  the  zone-species  of  Anthracomya  and  Carboni- 
cola was  determined.  It  would  be  interesting  and  important 
to  know  if  the  species  Anthracomya  Phillips//,  the  zone-index  of 
the  Black-band  Series  of  the  Upper  Coal-measures,  was  found  in 
the  blue  and  grey  slates  which  seemed  to  form  the  upper  part  of 
the  Coal-measures  in  the  boring. 

Prof.  Edward  Hull  (London)  wrote  that  he  had  read  with 
much  interest  the  paper  descriptive  of  the  deep  boring  for  coal 
at  Barlow,  near  Selby,  by  Mr.  St.  John  Durnford :  and  could 
not  but  share  with  all  concerned  in  what  must  have  been  deep 
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■disappointment  at  the  final  result  of  an  experiment  on  so  bold 
and  expensive  a  scale.  The  site  of  the  boring  was  well  chosen 
for  purposes  of  market  and  material,  but  was  highly  critical  as 
regarded  the  margin  of  the  Yorkshire  coal-field  in  its  eastern 
extension  under  the  New  Red  Sandstone  and  Permian  forma- 
tions. On  referring  to  his  (Prof.  Hull's)  generalized  map  of 
the  British  coal-fields,*  he  found  that  the  supposed  concealed 
margin  of  the  Yorkshire  coal-field  was  drawn  to  pass  close  to  the 
spot  where  the  boring  was  made;  or  just  a  little  south  of  this 
place,  and  on  referring  to  the  map  of  the  Yorkshire  coal-fieldt 
it  would  be  seen  that  the  line  of  the  northern  boundary  was 
defined  by  a  large  upthrow  fault,  ranging  from  west  to  east 
about  2  miles  north  of  Leeds  and  disappearing  beneath  the 
Magnesian  Limestone.  As  the  boring  at  Barlow  seemed  to  be 
very  much  in  the  line  of  this  fault  in  its  eastward  extension,  he 
was  inclined  to  believe  that  the  disturbed  and  steep  dip  of  the 
Coal-measures  below  a  depth  of  2,200  feet  was  to  be  accounted 
for  by  proximity  to  this  fault,  by  which  the  Millstone  Grit,  or 
even  older  rocks,  were  brought  up  against  the  Coal-measures. 
He  preferred  this  explanation  to  that  adopted  by  Mr.  Durnford, 
namely,  that  the  high  inclination  of  the  strata  was  clue  to  a 
"  monoclinal  or  anticlinal  fold,"  which  in  these  northern  dis- 
tricts was  less  frequent  than  faulting,  in  fact,  quite  exceptional. 
This  boring  should  prove  of  great  importance  in  determining 
the  northern  limit  of  the  Yorkshire  Coal-measures  under  the 
newer  formations  of  the  Permian  and  Trias.  He  feared  that  it  must 
now  be  assumed,  throughout  the  large  area  between  the  rivers 
Ouse  and  Tees,  that  Lower  Carboniferous  strata  alone  were  to  be 
found  under  the  newer  formations — either  destitute  of  beds  of 
coal — or  only  with  occasional  thin  seams  of  the  Millstone  Grit 
series.  The  problem  remaining  to  be  solved  was  the  extension 
•of  the  Yorkshire  Coal-measures  eastward ;  they  had  been  proved 
as  far  east  as  Southcar.  As  regarded  the  geological  age  of  the 
marls  "  about  40  feet  thick "  below  the  Red  Sandstone  at  a 
depth  of  720  feet  in  the  boring,  there  n-.ght  to  be  no  question; 
they  belonged  to  the  Permian  or  Magnesian  Limestone  series, 
and  the  sandstone  overlying  them  was  the  New  Red  Sandstone, 

*   "The  Coal-fields  of  Great   Britain,"  by  Prof.    Edward  Hull,    1905,   fifth 
•edition. 

t  Ibid,,  page  176. 
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or  Bunter.  The  occurrence  of  rock-salt  at  a  depth  of  987  feet 
in  the  Magnesian  Limestone  series  was  remarkable  and  rare. 
The  boring1  appeared  to  have  commenced  below  the  Saliferous 
Marls  of  the  Keuper  Series  in  which  rock-salt  might  be  expected, 
and  it  might  have  been  supposed  that  rock-salt  would  be  abseut 
throughout  the  section.  He  concurred  with  the  author  in 
believing  that  such  an  unlooked-for  mineral  stratum  would  have 
presented  a  great,  if  not  insuperable,  obstacle  when  putting  down 
shafts  for  the  mine. 

Mr.  J.  Kenneth  Guthrie  (Leeds)  wrote  that,  as  far  back  as 
1879,  in  conjunction  with  Mr.  C.  Z.  Bunning,  he  read  a  "  Descrip- 
tion of  an  Instrument  for  ascertaining  the  Inclination,  from  the 
Perpendicular,  of  Boreholes  and  the  Direction  of  such  Inclina- 
tion,"* and  it  seemed  rather  surprising,  notwithstanding  it 
was  well  known  that  bore-holes  did  depart  very  considerably 
from  the  vertical,  that  holes  costing  a  large  amount  of  money 
and  of  the  greatest  importance  should  still  be  put  down  without 
adequate  survey.  In  the  instrument  in  question,  1  part  of  hydro- 
fluoric acid  to  4  parts  of  water  were  used  in  a  flat-bottomed 
colourless  ground  glass  vessel,  and  if  the  instrument  were  kept 
still  for  \  hour,  the  level  of  the  liquid  would  be  marked  in  the 
shape  of  a  ring  upon  the  glass ;  then  some  of  the  liquid  was 
taken  out,  so  that  its  level  in  a  horizontal  position  would  mark 
itself  below  the  lowest  line  of  the  first  mark.  In  practice,  the 
glass  was  placed  in  a  water-tight  case :  with  the  exception  of 
guttapercha  ring-flanges,  this  case  was  made  of  brass,  on  ac- 
count of  the  enclosed  magnetic  needle. 

Having  obtained  the  angle  of  deviation  from  the  perpen- 
dicular at  a  measured  depth,  the  direction  of  this  deviation  in 
a. horizontal  plane,  that  was,  its  magnetic  bearing,  was  found 
as  follows :  — The  glass  containing  the  etching  liquid  was  fitted 
into  a  ring,  in  rigid  connection  with  a  compass,  and  similarly 
divided  into  degrees.  If  this  connection,  of  which  the  glass 
with  the  ring  and  the  compass  were  parts,  was  inclined  in  any 
direction  whereby  the  line  of  inclination  was  found  by  means 
of  the  liquid  in  the  glass,  the  direction  in  a  horizontal  position 
of  this  line  was  read  off  the  divisons  on  the  ring  in  which  the 
glass  was  set;  if  at  the  same  time  the  compass  was  read,  the 
difference  of  these  readings  would  be  the  magnetic  bearing  of 
*   Trans.  X.  E.  Inst.,  1S79,  vol.  xxix.,  page  61. 
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the  line  of  inclination.  In  carrying  out  this  method  in  prac- 
tice, it  was  necessary  that  the  reading  of  the  magnetic  needle 
in  the  bore-hole  should  be  recorded  when  the  instrument  was 
brought  to  the  surface.  This  was  accomplished  by  fastening 
the  needle  in  the  bore-hole,  by  means  of  a  watch  (forming  part 
of  the  instrument),  after  sufficient  time  for  settling  had  been 
allowed. 

This  instrument  was  successfully  used  in  practice,  and  in 
trials  made  in  wrought-iron  tubes ;  in  tube-lined  holes  the 
average  of  a  number  of  measurements  should  be  taken,  but  the 
results  were  not  much  affected  if  the  instrument  was  placed  in 
the  middle  of  the  tube-lining,  and  if  the  tubes  were  not  pos- 
sessed of  longitudinal  seams  and  joints. 

The  needle  was  hung  so  that  up  to  an  inclination  of  18 
degrees  it  was  free  to  move  in  a  horizontal  direction. 

Prof.  F.  W.  Hard  wick  (Sheffield)  wrote  that  Mr.  Durnford's 
paper  was  one  of  great  interest,  not  only  on  account  of  its  im- 
portant bearing  on  the  extension  of  the  West  Yorkshire  coal- 
field, but  also  on  account  of  the  clear  description  which  was  given 
of  the  system  of  boring  practised.  The  deviation  of  bore-holes 
from  the  vertical  appeared,  unfortunately,  to  be  a  not  uncommon 
occurrence.  In  borings  undertaken  for  such  a  purpose  as  the  one 
at  Barlow,  this  deviation  necessarily  rendered  the  indications  fur- 
nished by  the  bore-hole  less  important  than  they  would  be  if  the 
hole  were  vertical.  In  borings  undertaken  for  subsequent  sink- 
ing by  the  freezing  processes,  this  deviation  must  introduce  a  great 
element  of  uncertainty.  In  a  paper  by  M.  Xiederau,*  on  the  sink- 
ing of  the  shafts  at  Harchie  by  the  Poetsch  system,  diagrams  were 
given  showing  the  deviation  of  the  bore-holes  put  down  around 
the  sites  of  both  the  shafts.  Ts  o  hole  appeared  to  be  quite  vertical, 
and  the  obliquity  of  some  was  considerable ;  no  hole  was  deeper 
than  TTO  feet  (235  metres).  In  this  case  the  bore-holes  were  sur- 
veyed by  an  apparently  simple  method,  which  perhaps  was  not 
suitable  to  borings  of  great  depth. 

The  description  of  the  Macgeorge  method  of  surveying  bore- 
holes, given  by  Mr.  Bennett  H.  B  rough,  t  was  well  known,  but 
the  writer  had  been  unable  to  obtain  any  information  as  to  more 

*  Annates  des  Mines  de  Belgique,  vol.  xii. ,  page  655. 
t  Mine  Surveying,  third  edition,  page  323. 
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recent  applications  of  the  method.  Several  other  methods  of 
ascertaining  the  deviation  of  bore-holes  were  also  mentioned  by 
Mr.  Brough.  The  fact  of  the  measures  being  steeply  inclined, 
especially  towards  the  bottom  of  the  bore-hole,  would,  had  the 
bore-hole  been  vertical,  have  rather  negatived  Mr.  Durnford's 
statement  that  "  The  bore-hole  proved  some  1,060  feet  of  Middle 
CoaLmeasure  strata."*  The  boring  attained  a  depth  of  1,060 
feet  below  the  lowest  bed  of  the  Permian,  but  the  "  thickness 
of  Coal-measure  strata  "  proved  would  depend  on  the  angle  of 
dip  of  the  strata,  that  is,  presuming  that  the  word  "  thickness  " 
meant  the  section  of  each  bed  at  right-angles  to  the  planes  of 
bedding. 

A  correction  was  therefore  necessary,  in  order  to  make  the 
section  given  comparable  with  sections  taken  in  borings  and  sink- 
ings in  which  the  strata  were  lyiug  at  a  lower  inclination.  If  the 
deviation  of  the  bore-hole  from  the  vertical  were  also  in  the 
direction  of  dip  of  the  strata,  this  would  still  further  magnify  the 
apparent  thickness  of  the  individual  beds  passed  through. 

It  was  to  be  hoped  that  further  investigations  would  be  under- 
1aken  in  the  neighbourhood  of  the  Barlow  boring,  as  such  were 
undoubtedly  needed  to  throw  light  upon  the  somewhat  perplexing 
problems  mentioned  in  the  paper. 

Mr.  H.  St.  John  Dtjrnford,  replying  to  the  discussion,  said 
that  no  attempt  was  made  to  determine  the  direction  of  the  dip 
of  the  strata.  He  had  made  enquiries,  and  could  not  find  any- 
body competent  to  survey  the  bore-hole  at  a  reasonable  cost 
and  guarantee  reliable  results,  and  consequently  no  attempt  was 
made  to  survey  the  measures.  It  was  not  always  desirable  to 
divulge  the  prices  of  contractors;  if  he  were  a  contractor  him- 
self he  might  give  them  a  quotation,  but  as  he  was  not  he 
could  not  say  much  about  the  price.  It  was  a  mistake  to  say 
that  he  was  not  interested  in  the  rock-salt :  he  could  not  say 
whether  it  was  thick  enough  to  work;  but  they  might  see  a 
salt-mine  there,  before  they  finished.  So  far  as  he  knew,  there 
were  no  fossils  in  the  magnesian-limestone  measures,  and  nothing 
had  been  discovered  of  a  nature  to  determine  what  was  the  age 
of  that  particular  limestone. 

Had  the  apparatus  described  by  Mr.  Guthrie  been  available, 
or  been  used  recently  in  the  neighbourhood,  he  would  have  been 
*   Trans.  Inst.  M.  E.,  1907,  vol.  xxxiv.,  page  436. 


DISCUSSION DEEP    BORING    AT    BARLOW,    NEAR    SELBY.  -09 

Tery  glad  to  have  tried  it ;  but,  for  the  purpose  of  ascertaining 
the  amount  of  deviation  of  the  hole,  he  was  inclined  to  think  the 
cement  test  adopted  gave  results  quite  as  satisfactory  as  those 
obtained  with  hydrofluoric  acid.  So  far  as  the  determination  of 
the  direction  of  the  deviation  by  means  of  a  magnetic  needle  was 
concerned,  he  had  not  heard  of  any  very  satisfactory  practical 
results  having  been  obtained  with  any  of  the  various  instruments 
advocated. 

With  regard  to  Prof.  Hull's  criticism,  he  (Mr.  Durnford) 
knew  that  the  site  of  the  hole  was  in  close  proximity  to  the 
northern  limit  of  the  concealed  coal-field,  as  shown  in  that 
gentleman's  book  on  the  Coal-fields  of  Great  Britain,  He  was 
not  aware,  however,  that  the  fault  mentioned  by  Prof.  Hull  had 
been  proved  beyond  the  limits  of  the  exposed  coal-field,  and  the 
actual  position  of  that  fault  as  far  east  as  Selby  could  only  be 
a  matter  of  conjecture.  Prof.  Kendall,  in  his  report  to  the 
Eoyal  Commission  on  Coal-supplies.,*  stated  that — 

"The  northern  boundary  is  formed  by  a  persistent  fold The  Coal- 
measures  along  the  whole  length  of  the  visible'edge  of  the  field  (about  twenty  miles) 
rise  against  an  anticline  bringing  up  the  Millstone  Grit.  This  anticline  can  be 
followed  to  the  eastward  for  a  few  miles  under  the  discordant  cover  of  Permian 
rocks,  and  then  it  and  all  other  details  of  the  structure  are  lost  sight  of  beneath 
the  featureless  mantle  of  Drift  and  Alluvium  which  covers  the  Vale  of  York." 

It  would  appear  to  be  a  little  difficult  to  reconcile  this  with 
Prof.  Hull's  remarks,  and  he  must  confess  the  evidence  of  the 
cores  seemed  to  his  mind  to  give  credence  to  Prof.  Kendall's 
opinion.  It  might  be  that  the  hole  had  gone  down  on  the 
southern  limb  of  the  fold  referred  to  by  the  latter  authority. 
The  boring  at  Southcar  referred  to  by  Prof.  Hull  was,  as  could 
be  seen  from  the  plan,  only  a  short  distance  eastward  of  the 
boring  at  Barlow,  and  this  latter  was  as  far  to  the  south  as  the 
limits  of  Lord  Londesborough's  estate  would  permit.  It  was 
interesting  to  note  that  the  northern  boundary  of  the  concealed 
coal-field,  as  suggested  by  Prof.  Kendall  on  the  plan  accom- 
panying his  report,  and  as  accepted  by  the  Commission,  was 
some  four  miles  north  of  the  site  of  the  bore-hole.  The  coal-field 
was  shown  on  this  plan  as  extending  some  distance  further  to 
the  north-east  than  shown  on  Prof.   Hull's  map,   and  the  fact 

*  "Sub-report  on  the  Concealed  Portion  of  the  Coal-field  of  Yorkshire, 
Derbyshire  and  Nottinghamshire,"  by  Percy  Fry  Kendall,  Final  Report  of  the 
Royal  Commission  on  Coal-supplies.  [Cd.2361],  1905,  part  ix.,page  19. 
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that  at  Barlow  some  1,500  feet  of  Coal-measures  were  met  with 
would  rather  go  to  prove  the  correctness  of  Prof.  Kendall's 
conclusions.  It  might  be  mentioned,  without  placing  any 
undue  reliance  on  the  statement,  that  the  man  in  charge  of  the 
bore-hole  always  considered  that  the  deviation  had  taken  place 
in  a  South-easterly  direction. 

In  answer  to  Dr.  "Wlieelton  Hind,  he  (Mr.  Durnford)  believed 
that  the  Anthracosia  found  were  all  of  the  species  acuta,  but  he  was 
not  able  to  state  the  species  of  the  Anthracomya.  He  did  not 
think,  however,  that  it  was  confined  to  any  particular  life-zone. 

He  thought  that  additional  borings  would  have  to  be  made 
in  the  district  before  this  part  of  the  coal-field  could  be  exploited 
with  success,  or  still  less  condemned  as  unlikely  to  give  scope 
for  profitable  mining  operations. 

The  President  (Mr.  C.  E.  Ehodes)  proposed  a  vote  of  thanks 
to  Mr.  Durnford  for  his  paper. 

Mr.  J.  T.  Stobbs  seconded  the  resolution,  which  was  cordi- 
ally approved. 


DISCUSSION  OF  MR.  H.  S.  GAYS  PAPER  OX  "  A 
SINGLE-ROOM  SYSTEM  OF  MIXING :  AX  ADAPTA- 
TIOX  OF  THE  LOXGWALL  METHOD  TO  WORK  IX 
THICK  SEAMS."* 

Mr.  H.  S.  Gay  (Logan,  West  Virginia,  U.S.A.)  wrote  that  the 
system  had  now  been  operated  for  almost  three  years,  and  since 
writing  the  paper  he  had  gained  additional  knowledge  on  the 
.subject.  He  had  succeeded  in  obtaining  a  machine  to  lift  the 
bench  of  coal,  usually  3  to  4  inches  thick,  which  was  left  by 
all  chain-machines  after  a  cut  had  been  made.  This  work  was 
called  "  scrapping  the  bottom,"  and  was  done  by  the  poorest 
class  of  labour;  it  required  from  four  to  six  men,  depending  on 
the  nature  of  the  coal,  which  varied  at  times.  The  machine  used 
was  called  an  "  electric  coal-puncher."'  It  furnished  its  own  com- 
pressed air  to  operate  the  drill.  Two  men  with  this  machine 
could  do  the  work  of  six  men  picking  by  hand. 

*   Trans.  Inst.  M.  E.,  1907,  vol.  xxxiii..  page  558. 
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The  gain  effected  had  been  offset  somewhat  by  the  dis- 
tance between  the  sub-entries  having  been  reduced  from  120  to 
100  feet,  winning,  however,  the  same  proportion  of  coal.  This 
alteration  was  almost  necessitated  in  some  places  where  the  roof 
had  numerous  transverse-fissures  and  was  not  as  stony  as  where 
the  vein  had  first  been  worked. 

Where  the  roof  was  good,  portable  posts  were  the  cheaper 
to  use ;  when  the  roof  was  poor,  and  the  timber  was  an  item 
to  be  considered,  they  could  be  used  to  advantage.  But  if  they 
were  spaced,  say,  10  feet  apart,  and  any  of  the  roof  was  liable 
to  fall  when  they  were  being  removed,  it  would  not  be  a  safe 
operation,  while  it  would  be  the  case  if  they  were,  say,  but  3 
feet  apart.  In  a  country,  therefore,  where  the  roof  was  good 
and  timber  abundant,  the  system  could  be  worked  to  decided 
advantage  without  the  use  of  portable  posts. 

The  system  of  single-room  working  had  developed  a  principle 
in  mining  of  which  the  writer  had  no  previous  knowledge.  With 
a  strong  roof,  when  75  per  cent,  of  the  coal  were  removed,  if 
anything  occurred  the  natural  inference  would  be  that  it  was  a 
case  of  squeeze.  In  the  present  instance  this  was  not  the  case. 
The  pillars  had  proved  stronger  than  the  roof.  The  rooms  were 
gradually  closing,  and  every  pillar  so  far  as  could  be  seen 
remained  undisturbed.  Had  the  proportion  been  made  just  half 
by  driving  the  rooms  45  feet  and  the  pillars  15  feet  wide,  he 
believed  that  they  would  in  time  have  been  crushed,  even  though 
there  were  no  general  squeeze.  This  danger  could  consequently 
be  averted  in  certain  cases  by  so  proportioning  the  rooms  and 
pillars  that  the  crushing  strength  of  the  pillars  was  greater  than 
the  transverse  strength  of  the  overlying  strata.  He  was  not 
willing  to  admit  that  these  pillars  could  not  be  recovered,  or 
that  such  a  modification  could  not  be  adopted  by  which  as  much 
coal,  or  more,  might  be  won  as  by  any  other  system  now  in 
vosnie. 
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DISCUSSIOX  OF  ME,  HERBERT  F.  BROADHURST'S- 
PAPER  OX  "WATER-SUPPLIES  BY  MEAXS  OF 
ARTESIAN  BORED  TUBE-WELLS. ' '* 

Mr.  Robert  Wood  (Morpeth)  wrote  that  lie  had  read  Mr. 
Broadhurst's  paper  with  great  interest.  The  demand  for  the 
class  of  well  mentioned  was  increasing  year  by  year.  Most  of 
the  available  surface-supplies  which  were  of  any  importance  had 
been  secured,  and  some  of  them  (if  not  most  of  them)  required 
a  large  expenditure  of  money  in  constructing  filter-beds,  bye- 
passes,  etc.,  with  a  view  to  purifying  the  water  and  making  it 
fit  for  domestic  use.  It  would,  in  his  opinion,  in  many  cases 
have  been  much  better  and  cheaper  for  the  persons  interested 
to  have  put  down  boreholes,  and,  where  necessaiy,  to  have 
pumped  their  own  supplies,  which,  as  Mr.  Broadhurst  stated, 
could  be  done  at  much  less  cost  than  purchasing  from  water- 
companie*. 

Some  time  ago  lie  (Mr.  Wood)  had  put  down  a  borehole  at 
Xewbiggin-by-the-Sea  for  the  purpose  of  obtaining  a  supply 
of  water  for  the  manufacture  of  aerated  waters.  The  hole  was 
2\  inches  in  diameter  and  the  total  depth  120  feet,  of  which 
the  first  60  feet  was  in  Boulder-clay.  The  clay  had  in  it  a 
number  of  boulders,  rendering  it  very  difficult  to  bore ; 
strong  flush-jointed  steel  tubes,  2\  inches  in  diameter,  were  put 
down  through  the  clay  into  a  grey  shale,  sealing  off  the  surface- 
water.  A  2-inch  deep-well  lift  and  force-pump  was  also  put 
down  inside  the  tubes,  the  working-barrel  being  95  feet  from 
the  surface  ;  this  was  worked  by  a  small  gas-engine.  As  a  result, 
the  amount  of  water  obtained  was  13  gallons  per  minute,  or 
(working  12  hours  per  day)  over  9,000  gallons  of  excellent  water 
per  day.  The  cost  of  boring  and  tubing  the  hole  amounted  to 
£33  Ts.  6d.,  and  the  pump  and  gas-engine  (purchased  second- 
hand) cost  about  £'65,  making  a  total  cost  of  about  £100.  Work- 
ing the  same  for  300  days  per  annum  at  9,000  gallons  per  day 
would  produce  2,700,000  gallons  of  water  annually,  and  the  cost 
for  gas  at  l|d.  per  thousand  gallons  (which  was  an  ample  allow- 
ance) would  amount  to  £16  17s.  6d.  per  annum.  To  purchase 
the  amount  of  water  just  mentioned  from  a  gentleman,  who  had 
a   supply  within   two  yards   from   the   works,   would   have   cost 

*   Trans,  Inst.  M.  E.,  1907,  vol.  xxxiii.,  page  473. 
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Is.  2d.  per  thousand  gallons,  or  an  annual  expenditure  of 
£157  10s.  It  would  be  seen  from  these  figures  that  a  saving 
of  £140  12s.  6d.  would  be  effected  on  the  first  year's  working,  or 
more  than  the  total  cost  of  borehole  and  machinery,  thus  bearing 
out  Air,  Broadhurst's  statements.  In  the  figures  above-men- 
tioned, he  (Mr.  Wood)  had  made  no  allowance  for  attention  to 
the  machinery,  as  in  the  case  referred  to  none  was  required,  the 
engine  being  kept  running  for  making  the  mineral  waters. 

He  was  at  variance  with  Mr.  Broadhurst  when  that  gentle- 
man stated  that  it  was  not  now  necessary  to  have  sunk  wells.* 
He  agreed  that  in  many  cases  it  was  not  necessary  to  sink  wells. 
that  is,  where  the  quantity  obtained  in  an  artesian  bored  tube-well 
was  sufficient  to  meet  the  supplj-  required.  Where  this  was  so, 
the  last-mentioned  well  was  preferable,  being  less  expensive  than 
a  sunk  well.  There  were,  however,  some  difficulties  to  be  taken 
into  account  in  reference  to  artesian  bored  tube-wells,  such  as 
the  tubes  wearing  out  by  corrosion,  or  by  the  action  of  certain 
acids  in  the  water  on  the  iron ;  and,  further,  there  was  the 
trouble  of  getting  to  the  working  parts  of  deep-well  pumps  when 
clack-seats,  etc.,  required  renewing.  It  was  absolutely  necessary 
in  many  cases  to  have  sunk  wells,  especially  where  the  supply 
in  the  borehole  was  not  large  enough  to  meet  the  daily  require-  _ 
ments.  A  sunk  well  was  then  necessary,  in  order  to  get  suffi- 
cient storage  in  which  to  collect  the  water  at  night  to  meet  the 
demands  made  upon  the  spring  during  the  day. 

A  case  of  this  kind  came  within  the  writer's  own  experience 
at  the  recently  erected  sanatorium  for  consumptives  at  Barras- 
ford-upon-Tyne,  where  a  borehole  was  put  down  through  clay, 
freestone,  shale,  limestone,  and  into  whinstone,  a  total  depth  of 
100  feet,  43  feet  of  which  was  in  limestone.  The  yield  of  water 
when  the  whinstone  was  struck  (which  would  have  made  it  very 
expensive  if  it  had  been  necessary  to  bore  further)  was  G  gallons 
per  minute  rising  to  the  surface,  not  sufficient  to  supply  the 
sanatorium  and  leave  a  reserve  for  cases  of  emergency,  such  as 
fire,  etc.,  and  it  was  therefore  decided,  after  due  consideration, 
to  sink  a  well  to  a  depth  of  30  feet,  and  to  make  a  large  storage- 
drift  capable  of  holding  a  fortnight's  supply.  The  first  7  feet  of 
clay  was  walled  round  with  pick-dressed  freestone,  set  in  cement, 
and  carried  from  the  top  of  the  stone-head  to  2  feet  above  the 
*   Trans.  Inst.  M.  E.,  1907,  vol.  xxxiii.,  page  475. 
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surface ;  the  walling  was  filled  up  behind  with  cement,  thus  pre- 
venting any  contamination  from  the  surface.  The  drift  was  ex- 
cavated in  the  freestone,  and,  when  completed  and  connected 
to  the  borehole,  the  yield  of  water  was  treble  the  quantity  coming 
to  the  surface,  due  to  the  reduction  of  head.  By  this  process, 
therefore,  the  supply  of  water  was  increased,  besides  forming  a 
reservoir  which  would  probably  cost  less  in  repairs,  and  would 
also  keep  the  water  much  cooler  than  a  reservoir  made  on  the 
surface.  Further,  the  latter  kind  of  reservoir  would  have  prob- 
ably cost  as  much  or  more  money  than  the  well  and  drift 
together.  The  pump,  which  stood  on  the  surface,  was  vorked 
by  a  self-regulating  wind-mill,  duplicated  by  a  small  petrol- 
engine,  furnishing  the  building  with  a  supply  of  cool,  pure 
water,  naturally  filtered. 

In  two  other  instances,  namely,  at  ]N"ewbiggin-by-the-Sea 
and  at  TToodhorn,  wells  had  to  be  deepened  in  order  to  obtain 
storage  for  the  water.  Standage  was  all  that  was  required,  and 
this  had  to  be  obtained  below  the  water-level.  It  might  be  sug- 
gested that  by  further  deepening  the  borehole  a  greater  supply 
of  water  would  have  been  obtained,  which  might  have  risen  to 
a  higher  level,  and  so  saved  the  cost  of  sinking.  At  the  first- 
named  place  (Newbiggin),  from  the  writer's  own  experience, 
there  had  been  a  large  expenditure  of  money  on  boring  experi- 
ments, with  abortive  results,  and  as  it  was  very  unlikely  that  the 
water  would  rise  above  sea-level,  it  was  considered  necessary 
to  deepen  the  well  below  that  point.  At  the  last-named  place 
(TToodhorn),  a  difficulty  was  experienced  in  deepening  the  bore- 
hole in  the  well  on  account  of  the  existence  of  colliery-workings 
below.     In  both  these  cases  excellent  results  were  obtained. 

The  well  of  the  future  for  efficiency  and  economy,  generally 
speaking,  was  no  doubt  the  artesian  bored  tube-well ;  but  cer- 
tainly it  did  not  overcome  all  the  difficulties  of  sunk  wells. 

Mr.  Broadhurst  had  stated  that,  for  tubing  boreholes,  flush- 
jointed  tubes  were  useless.*  He  (Mr.  AVood)  thought  that  this 
must  either  be  a  clerical  or  a  printer's  error.  He  was,  however, 
generally  in  agreement  with  Mr.  Broadhurst  in  his  remarks  as 
to  tubes;  it  was  very  important  that  strong  steel  tubes  should 
be  inserted  for  artesian  tube-wells,  as  these,  in  addition  to  bear- 
ing the  extra  strain  of  screwing,  driving,  and  lifting,  would  also 
*   Trans.  I  mi.  M.  E.,  1907,  vol.  xxxiii.,  page  476. 
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wear  longer,  and  were  not  so  likely  to  depreciate  through  corro- 
sion. It  was  certainly  better  to  sink  through  the  surface-clay 
than  to  put  in  faulty  tubes.  He  had  tried  ordinary  steam 
socket-jointed,  swelled-jointed,  and  flush-jointed  tubes.  The 
last-named  were  certainly  the  most  satisfactory,  not  requiring  the 
same  amount  of  driving  as  the  others,  and  in  cases  where  tubes 
had  to  be  withdrawn,  the  process  was  accomplished  more  expe- 
ditiously. Furthermore,  clay  had  a  tendency  to  swell  in  the 
hole,  which  made  it  very  troublesome  to  remove  the  swelled  and 
socket-jointed  tubes,  which,  in  itself,  was  an  important  con- 
sideration. 

Whenever  it  was  anticipated  that  a  large  quantity  of  clay, 
gravel,  or  sand  would  be  met  with,  it  was  advisable  to  begin  the 
hole  on  such  a  scale  as  to  admit  of  the  introduction  of  larger 
tubes  than  it  was  intended  to  employ  to  finish  with,  especially 
where  Boulder-clay  was  intersected  with  beds  of  sand  and  gravel. 

It  was  often  the  case  that  the  tubes  could  only  be  driven 
a  certain  distance  on  account  of  whinstone  and  limestone 
boulders  partly  projecting  into  the  borehole,  these  being  usually 
difficult  to  cut  by  means  of  the  cutting-shoe  on  the  end  of  the 
tubes.  In  cases  of  this  kind  it  was  best  to  reduce  the  size  of  the 
borehole,  unless  the  hole  was  only  down  a  short  distance  from 
the  surface,  when  it  would  be  advisable  to  restart  a  new  bore- 
hole. The  same  trouble  was  experienced  when  coming  into  con- 
tact with  beds  of  sand  and  gravel,  which  ran  into  the  hole,  and 
this  could  only  be  prevented  by  driving  the  tubes  through  the 
sand  or  gravel  into  the  clay  or  stone  below,  and  commencing  the 
hole  from  that  point  at  a  reduced  size. 

One  of  the  greatest  difficulties  met  with  in  percussive  boring 
was  a  loose  whinstone  boulder  in  the  clay,  and  it  was  often  found 
necessary,  and  was  generally  successful,  in  such  cases  to  break  the 
boulder  up  by  a  gelignite  shot. 

The  ordinary  method  of  boring  by  screwed-jointed  iron  or 
steel  rods  with  chisels,  etc.,  was  satisfactory  for  boreholes  put 
down  to  moderate  depths ;  but  the  screwing  and  unscrewing  of 
the  rods  was  very  slow :  and,  when  boring  to  a  considerable 
depth,  the  method  was  anything  but  economical,  and  therefore 
undesirable. 

The  second  method  of  using  poles  instead  of  iron  or  steel 
rods  was  unsatisfactory,  because  a  hole  of  very  small  diameter 

20 
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could  not  be  bored  with  them,  and,  further,  the  usual  screwing: 
and  unscrewing  of  the  rods  had  to  be  contended  with,  as  before 
mentioned. 

The  third  method  of  using*  rope  instead  of  iron  or  wooden 
rods  was  more  expeditious  than  the  two  last-mentioned  methods. 
Less  time  was  occupied  in  drawing;  the  tool  to  the  surface  for 
changing  and  cleaning  purposes,  but  in  this  method  it  was 
difficult  to  know  what  kinds  of  strata  were  being  passed  through. 

The  fourth  method  of  using  hollow  rods  or  tubes  for  percussive 
boring,  when  water  was  pumped  down  the  rods  to  wash  away  the 
debris  while  the  work  was  in  operation,  was  better  than  the 
others,  as  a  considerable  amount  of  time  was  saved,  the  cuttings 
being  carried  to  the  surface  by  the  force  of  water.  Here,  again, 
the  same  trouble  was  experienced  in  withdrawing  the  tubes  when 
a  change  of  mineral  was  reached  or  a  sharp  tool  required. 

The  fifth  or  "  diamond  "  system  of  boring  was  better  than  the 
methods  previously  mentioned :  by  rotating  the  tubes  or  rods,  on 
the  end  of  which  was  a  crown-bit  set  with  diamonds,  a  channel 
was  cut  in  the  stone ;  and  this  allowed  a  core  to  pass  up  the  core- 
tube,  which  could,  if  desired,  be  broken  off  by  a  core-catcher  and 
taken  out.  Xot  only  was  the  work  done  expeditiously  by  this 
method,  but  it  also  gave  a  correct  section  of  the  strata  passed 
through.  When  boring  for  water  by  this  system,  a  great  diffi- 
culty might  be  experienced  in  procuring  the  water  necessary  to 
clear  the  debris  from  the  borehole,  and  also  for  supplying  the 
boiler  for  steam  purposes.  It  was  a  very  expensive  system,  and 
could  only  be  economically  employed  for  holes  that  had  to  be 
bored  to  a  considerable  depth.  Here,  again,  the  method  was 
exceedingly  slow,  on  account  of  having  to  screw  and  unscrew  the 
rods  when  changing  the  ends. 

The  sixth  method  of  boring  with  chilled  shot  should  prove 
cheaper  than  the  diamond  system,  and  ought  to  be  suitable  for 
hard  stones;  but  in  soft  clay,  etc.,  it  would  be  very  troublesome, 
and  there  would  be  the  usual  waste  of  time  in  changing  the 
tubes. 

For  some  months  past  the  writer  had  been  experimenting,  with 
a  view  to  the  invention  of  a  system  of  percussive  boring  by  steel 
rope,  which  would  bore  a  core,  or  otherwise,  as  desired,  and  at  the 
same  time  remove  the  debris  as  the  work  advanced,  by  using  the 
water  in  the  bore-hole  repeatedly,  thereby  saving  all  pumping. 
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The  object  in  view  was  to  invent  a  boring  apparatus  which  would 
do  the  work  effectively,  expeditiously,  and  economically,  and 
would  in  effect  save  the  greater  part  of  the  time  lost  in 
changing  the  rods.  This  object  had  so  far  been  accomplished. 
He  had  tested  a  freestone  quarry  with  this  tool,  working  the 
same  by  hand.  Good  cores  had  been  obtained,  showing  a  sec- 
tion of  the  freestone  passed  through.  At  present,  he  was  having 
a  machine  constructed  for  giving  a  percussive  motion  to  the  tool 
by  means  of  cams.  A  winding  drum  was  also  attached  to  the 
machine  for  withdrawing  the  tool  from  the  borehole.  This 
machine  was  worked  by  a  petrol-engine.  One  reason  for  using 
this  class  of  engine  instead  of  a  steam-driven  engine  was  that  it 
was  lighter  for  transit,  could  be  quickly  started,  required  very 
little  water  (only  a  few  gallons  for  cooling  the  cylinder),  and  it 
could  be  run  at  a  small  cost.  He  was  adopting  these  engines  for 
pumping-plants  for  wells,  quarries,  etc.,  and  was  obtaining 
excellent  results. 

The  question  of  pumping  from  wells,  as  Mr.  Broadhurst  had 
stated,  required  serious  consideration.  In  many  cases  it  was 
desirable  to  make  a  test  with  temporary  plant,  previous  to  instal- 
ling permanent  pumping  machinery.  Where  water  was  required 
for  baths,  it  was  important  that  steam  should  be  used,  if  possible ; 
it  would  certainly  be  a  great  saving  if  the  exhaust-steam  could  be 
utilized  for  heating  the  water.  It  would  also  seem  desirable  to 
have  steam  in  large  laundries. 

For  water-works,  public  and  private  companies,  and  also 
for  large  private  residences,  the  cheapest  and  most  economical 
powers  were  suction-gas,  gas-,  oil-,  and  petrol-engines.  At 
present  he  had  a  small  petrol-engine  pumping  water  from  a  shaft 
102  feet  deep.  The  engine  was  of  2  horsepower,  running  at  400 
revolutions  per  minute.  This  speed  was  reduced  by  means  of 
gearing  to  40  strokes  per  minute  on  the  pump;  the  length  of 
stroke  was  2  feet,  and  the  diameter  of  the  bucket  4^  inches.  As 
a  result,  he  was  obtaining  an  efficiency  of  about  75  per  cent,  on  the 
pumping-plant,  the  cost  being  Id.  per  horsepower  per  hour. 

Where  the  borehole  or  well  was  in  close  proximity  to  an  elec- 
tric cable  from  a  power-station,  lifting-  or  forcing-pumps  could 
be  arranged  to  pump  from  the  same  by  having  worm-gearing 
attached  to  the  motor  so  as  to  reduce  the  speed. 

For  deep-well  pumping,  long-stroke  pumps  were  best,   there 
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being  less  wear-and-tear  on  the  pump,  less  slip,  and  naturally  a 
higher  efficiency,  making  altogether  a  much  quieter  working 
plant. 

With  regard  to  testing  tube-wells,  in  his  (the  writer's) 
opinion,  it  was  a  very  important  matter  to  have  a  long  continu- 
ous pumping  test,  working  the  pump  night  and  day,  before 
deciding  to  lay  down  a  permanent  plant.  He  had  recently  made 
such  a  test  at  a  borehole  which  he  was  putting  down  at  Alnwick. 
The  2-horsepower  petrol-engine  was  belted  to  a  Tangye  wheel-lift 
and  force-pump.  The  plant  was  run  for  six  days  and  six  nights, 
with  an  average  yield  of  1,320  gallons  per  hour,  from  a  borehole  2^ 
inches  in  diameter.  The  water  was  3  feet  2  inches  from  the  surface 
when  the  test  was  begun,  and  was  lowered  to  19  feet  6  inches 
from  the  surface  at  the  conclusion.  Previous  to  making  this 
test  the  writer  had  urged  the  parties  interested  to  run  the  pump 
for  at  least  a  month  night  and  day,  pointing  out  that  the  water 
might  be  coming  from  an  underground  reservoir  in  the  jacks  of 
the  stone,  and  not  from  the  absolute  spring.  From  the  results 
above-mentioned,  it  would  be  seen  that  this  proved  to  be  the  case. 
The  borehole  in  question  was  being  continued,  and  a  further 
test  would  be  made  before  any  more  money  was  expended  in 
getting  the  water  to  the  mains. 

In  conclusion,  he  thought  that  the  members  were  deeply  in- 
debted to  Mr.  Broadhurst  for  his  very  capable  and  instructive 
paper  on  a  subject  which  was  of  increasing  importance  to  the 
public. 


Mr.  Gr.  J.  Binns  (Derby)  moved  a  vote  of  thanks  to  the 
Council  of  the  University  of  Sheffield  for  the  use  of  the  meet- 
ing-rooms; and  also  to  the  owners  of  works  and  collieries  to 
be  visited  by  the  members. 

Mr.  J.  (xerrard  (H.  M.  Inspector  of  Mines)  seconded  the 
resolution,  which  was  warmly  approved. 


Mr.  J.  H.  Merivale  (Broomhill)  proposed  a  vote  of  thanks 
to  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers   for    the    arrangements    which    had    been    made    for 
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that  meeting-,  and  also  to  Prof.  L.  T.  O'Shea,  who  had  so  ably 
provided  for  the  comfort  and  convenience  of  the  members. 

Mr.  Robeet  Clive  (Bentley  Colliery)  seconded  the  proposal, 
which  was  heartily  carried. 


Mr.  J.  Hamilton  (Glasgow)  proposed  a  vote  of  thanks  to 
Mr.  H.  C.  Peake  and  Mr.  C.  E.  Rhodes  for  their  services  in  the 
chair. 

Mr.  E.  Halse  (London)  seconded  the  resolution,  which  was 
cordially  approved. 


The  following  notes  record  some  of  the  features  of  interest 
seen  by  visitors  to  collieries,  works,  etc.,  which  were,  by  kind 
permission  of  the  owners,  open  for  inspection  during  the  course 
of  the  meeting  on  September  4th,  5th,  and  6th,  1907  :  — 
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PIT. 

The  shafts,  21  feet  in  diameter,  were  commenced  in  April, 
1900,  and  reached  the  Barnsley  seam  at  a  depth  of  2,238  feet 
in  December,  1903. 

A  considerable  quantity  of  water  was  met  with  down  to  a 
depth  of  450  feet,  and  was  dealt  with  by  pumps  slung  in  chains. 
These  feeders  of  water  now  form  the  water-supply  for  various 
colliery  purposes,  and  are  dealt  with  at  a  separate  pit  12  feet  in 
diameter  and  450  feet  in  depth.  The  pumping-engine  is  of  the 
horizontal  cross-compound  trunk  type,  with  cylinders  17  inches 
and  30  inches  in  diameter  respectively,  and  34  inches  stroke,  and 
the  engines  are  geared  to  the  plunger-pumps  in  the  propor- 
tion of  8  to  1.  Each  flywheel  is  12  feet  in  diameter,  and  weighs 
over  9  tons.  The  air-pumps,  16  inches  in  diameter  by  17  inches 
stroke,  of  the  vertical  single-acting  type,  are  worked  by  a  direct 
crank  and  shaft.  The  condenser  is  of  the  ordinary  jet  description. 
The  main  shaft-pumps  are  a  twiu  set  of  plunger-pumps,  18 
inches  in  diameter,  at  a  depth  of  450  feet,  the  stroke  being  6  feet. 
The  valves  and  valve-rings  are  of  cast-steel,  and  the  rings  are 
faced  with  vulcanite.  The  wooden  spears  are  12  inches  square,  and 
each  joint  is  Hitched  by  four  steel  jointing-plates,  16  feet  long, 
9  inches  wide,  and  f  inch  thick.  The  pumping-plant  is  con- 
structed to  lift  40,000  gallons  per  hour  to  the  surface  from  a 
depth  of  450  feet  when  running  at  5|  strokes  per  minute. 

.  Further  small  feeders  were  met  with  down  to  a  depth  of  900 
feet,  which  are  now  dealt  with  by  a  three-throw  electric  pump, 
with  a  20-horsepower  motor,  which  delivers  the  water  from  a 
lodgment  at  a  depth  of  900  feet  to  the  main  pumps  at  a  depth 
of  450  feet.  The  small  quantity  of  water  made  in  the  head- 
ings and  workings  generally,  is  dealt  with  by  three-throw  pumps, 
the  lower  one  with  a  motor  of  30  horsepower  forcing  against  a 
head  of  1,350  feet  to  a  lodge,  and  then  a  motor  of  20  horsepower 
forcing  against  a  head  of  900  feet  to  the  surface. 

The  winding-engine  at  the  eastern  or  upcast  pit  has  two  cylin- 
ders, 42  inches  in  diameter  and  7  feet  stroke,  with  a  winding-drum 
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20  feet  in  diameter,  and  fitted  with  Cornish  double-beat  valves 
and  steam  reversing-gear.  An  automatic  cut-off  is  fitted,  and 
will  be  put  into  use  shortly.  The  cages,  holding  eight  tubs,  are 
each  guided  by  four  locked-coil  ropes,  and  two  rubbing-guides 
are  hung  between  the  cages.  It  is  intended  to  put  in  a  balance- 
rope.  The  winding-ropes  are  of  the  locked-coil  type,  5i  inches 
in  circumference,  and  the  capping  is  secured  by  white  metal. 

The  winding-engine  at  the  western  or  downcast  pit  has  two 
cylinders  48  inches  in  diameter  and  7  feet  6  inches  stroke,  with 
a  winding-drum  24  feet  in  diameter,  and  fitted  with  Cornish 
double-beat  valves  and  steam  reversing-gear.  The  cages,  hold- 
ing twelve  tubs,  are  each  guided  by  four  locked-coil  ropes,  and 
two  rubbing-guides  hung  between  the  cages.  A  round  balance- 
rope,  weighing  about  6  tons,  is  used.  The  winding-ropes  are  of 
the  ordinary  Langs-lay  type,  6^  inches  in  circumference.  An 
hydraulic  decking  arrangement  is  in  course  of  construction. 

The  steel  headgears,  at  both  shafts,  are  75  feet  high  from  the 
top  of  the  breastwork  to  the  centre  of  the  pulleys,  which  are  20 
feet  in  diameter ;  the  main  legs  are  2  feet  square,  the  corner  angles 
being  5  inches  by  5  inches  by  f  inch. 

The  ventilation  is  at  present  produced  by  a  Schiele  fan,  13 
feet  4  inches  in  diameter,  belt-driven  by  a  single  horizontal 
engine,  with  a  cylinder  28  inches  in  diameter  and  3  feet  stroke.  A 
volume  of  200,000  cubic  feet  of  air  per  minute,  at  a  water- 
gauge  of  about  1  inch,  is  produced,  when  the  fan  is  running  at 
56  revolutions  per  minute. 

"With  the  exception  of  the  engines  already  enumerated,  the 
boiler  feed-pumps  and  some  small  engines  at  the  coke-ovens,  the 
whole  of  the  subsidiary  operations  at  the  colliery,  including 
underground  haulage,  are  carried  out  by  means  of  electric  motors, 
of  the  slip-ring  unenclosed  type,  of  the  following  sizes  : — 7i,  20, 
40,  65,  and  110  horsepower. 

The  electrical  generating-plant  consists  of  two  units  at  work 
and  one  in  course  of  erection :  (1)  A  generator  of  350  kilowatts, 
driven  at  a  speed  of  300  revolutions  per  minute  by  a  cross-com- 
pound engine  of  600  horsepower,  running  at  60  revolutions  per 
minute.  The  high-pressure  cylinder  is  26  inches  in  diameter,  and 
the  low-pressure  cylinder  40  inches,  the  stroke  being  4  feet. 
Corliss  valves  are  fitted  to  the  high-pressure  cvlinder  and  slide- 
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valves  to  the  low-pressure  cylinder.  Tlie  flywheel,  weighing  26 
tons,  and  20  feet  in  diameter,  is  grooved  for  24  cotton  ropes.  (2)  A 
generator  of  300  kilowatts,  driven  by  a  high-speed  compound 
engine,  at  375  revolutions  per  minute.  The  three-phase  current, 
at  550  volts,  has  a  periodicity  of  50  cycles  per  second.  (3)  This, 
in  course  of  erection,  is  a  generator  of  450  kilowatts,  which  will  be 
driven  at  a  speed  of  300  revolutions  per  minute,  by  a  high-speed 
engine  of  700  horsepower.  The  switchboard  is  constructed  on 
a  marble  base,  all  the  live-metal  work  being  at  the  back  of  the 
frames,  so  that  there  is  nothing  on  the  front  within  reach  of  the 
attendants  except  the  insulated  handles  of  the  terminals  of  the 
exciter-circuit.  The  current  for  lighting  is  taken  from  the  three- 
phase  generators  and  passed  through  transformers,  fixed  in  the 
generating-house. 

The  screens  are  erected  at  a  distance  of  450  feet  from  the 
shafts,  so  as  to  keep  away  dust  and  to  provide  stock-room  for  both 
full  and  empty  tubs.  A  creeper-chain  is  provided  along  the 
full-tub  gantry  to  take  the  full  coal-tubs  to  the  weighing-machine. 
They  are  lifted  by  another  creeper  into  the  tippler-house,  con- 
taining four  tippers  of  the  rotary  type,  each  capable  of  turning 
two  tubs  per  time.  The  screens,  of  the  ordinary  shaker  type, 
deliver  the  coal  on  to  six  belts,  two  for  hard  coal,  two  for  soft  coal, 
and  two  for  nut-coal.  The  large-coal  belts  are  fitted  with  lower- 
ing jibs  for  reducing  the  fall  of  the  coal  into  the  wagons. 

The  small  coal  is  carried  by  conveyor-belts,  delivering  into 
a  pit,  whence  it  is  taken  by  an  elevator  to  a  Baum  washer,  with  a 
capacity  of  130  tons  per  hour.  After  washing,  the  small  coal  is 
sorted  into  three  sizes,  namely,  nuts,  peas,  and  coking  small,  and 
loaded  direct,  into  wagons,  from  the  hoppers  under  the  washer. 

The  coking  small,  after  being  crushed,  is  lifted  into  a  storage- 
hopper  with  a  capacity  of  800  tons.  Thence  it  is  taken  to  a  battery 
of  36  horizontal-flued  Simon-Carves  bye-product  ovens,  produc- 
ing an  average  of  800  tons  of  coke  per  week.  A  battery  of  44 
Simon-Carves  regenerative  vertical-flued  ovens,  in  course  of  erec- 
tion, will  be  capable  of  producing  1,200  tons  of  coke  per  week. 
The  usual  bye-products,  namely,  sulphate  of  ammonia,  tar,  and 
benzol,  are  recovered. 

The  joiners',  fitters',  and  blacksmiths'  shops  are  in  a  large 

building  180  feet  long  and  40  feet  wide,  covered  by  an  iron  roof. 

The  lamp-cabin,  a  brick-building  with  cement-concrete  floor 
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and  roof,  may  be  said  to  be  absolutely  fire-proof:  the  stands, 
cleaning-tables,  etc.,  being  made  of  iron.  The  double-glass 
Thornbury  safety-lamps — about  2,200  in  number — lighted  elec- 
trically, are  fitted  with  the  Barton  burner,  and  burn  a  heavy 
mineral-oil  with  a  flash-point  of  about  250°  Fahr. 

The  engine-rooms,  used  for  the  sinking-engines,  are  being  con- 
verted into  an  electricians'  workshop  and  a  store-room  for  spare 
parts  of  machinery. 

There  are  thirteen  Lancashire  boilers,  30  feet  long  and  8  feet  in 
diameter,  working  at  a  pressure  of  120  pounds  per  square  inch, 
fitted  with  stokers  and  self-cleaning  fire-bars,  the  coal  being  sup- 
plied to  the  latter  by  a  system  of  elevators  and  conveyors.  Large 
receivers,  connected  to  three  boilers  at  a  time  and  some  5  feet 
in  diameter,  provide  an  ample  reserve  of  steam.  The  economizers 
have  a  nest  of  440  tubes. 

The  underground  haulage  comprises  two  units,  each  with  two 
surge-pulleys,  6  feet  in  diameter,  fitted  with  clutch-gear,  so  that 
one  rope  can  run  independently  of  the  others.  Each  unit  is 
driven  by  a  slip-ring  motor  of  110  horsepower.  Another  unit  of 
similar  construction  is  being  erected.  The  present  output  is 
about  2,300  tons  a  day. 

The  brickyard  is  fitted  with  two  semi-plastic  machines,  each 
capable  of  making  10,000  bricks  per  day.  The  continuous  brick- 
kiln has  fourteen  chambers. 
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The  visitors  inspected  the  various  shops  having  a  special 
interest  for  colliery  managers  and  engineers,  the  manufacture 
of  steel-castings  and  specialities  for  colliery  purposes  being  one 
of  the  principal  features  of  the  company's  business. 

The  East  Hecla  Works  cover  an  area  of  about  80  acres,  and 
comprise  the  following  departments: — Steel-foundry,  three 
machine-shops,  colliery  wheel-fitting  shop,  smithy,  tub-building 
shop,  ore-crusher  and  conveyor-erecting  shop,  pattern-shop, 
generating-station,  etc. 

Electric  driving  is  universal  throughout  the  works.  The  foun- 
dry is  1,020  feet  long;  it  is  the  largest  in  the  world,  and  its  equip- 
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merit  includes  twenty-four  overhead  electric  travellers,  and  four- 
teen electric  jib-cranes.  The  power-station  for  supplying  electric 
current  for  power  purposes  and  for  electric  lighting  is  situated  in 
the  centre  of  the  works,  and  consists  of  seven  cross-compound 
Corliss  engines  with  dynamos  and  other  appliances,  forming,  in 
all,  seven  units,  capable  of  developing  an  aggregate  of  4,000 
horsepower. 

The  machine-shops,  four  in  number,  are  all  of  large  size, 
covering  an  area  of  about  5  acres.  They  are  fitted  with  modern 
machine-tools  of  the  most  powerful  type,  and  twenty-two  over- 
head electric-travelling  cranes. 

Although  Hadfield's  Steel  Foundry  Company,  Limited,  are, 
as  the  name  of  the  firm  indicates,  primarily  steel-founders  and 
producers  of  castings  and  forgings  for  all  branches  of  engineer- 
ing work,  they  also  manufacture  certain  complete  machines 
which  consist  chiefly  of  steel-castings,  such  as  ore-breakers, 
screening  plant,  elevators,  and  conveyors  for  ore,  coal,  etc. 

Messrs.  Hadfields  have  always  made  a  point  of  producing 
special  steels  for  different  classes  of  work,  according  to  the  mech- 
anical properties  needed  for  the  working  conditions.  Several 
special  grades  of  steel  which  the  company  manufacture  are  now 
wellknown  in  the  colliery  and  engineering  trades  throughout  the 
world,  perhaps  the  most  prominent  and  best  known  amongst 
engineers  being  the  '4  Era  "  manganese-steel,  of  which  the  com- 
pany are  the  sole  makers.  The  "  Era  "  manganese-steel  combines 
the  two  qualities  of  hardness  and  toughness.  The  material  is  so 
hard  that  no  steel  tool  will  cut  it,  but  it  is  by  no  means  brittle. 
On  the  contrary,  it  is  exceedingly  ductile ;  in  fact,  so  much  so, 
that  pieces  \  inch  thick  can  be  bent  cold  nearly  double  without 
showing  any  sign  of  fracture. 

The  colliery  tub- wheel  department  is  a  very  important  branch 
of  the  company's  works.  Wheels  are  also  supplied  in  a  special 
grade  of  their  best  toughened  cast-steel,  the  total  output  approxi- 
mating to  20,000  wheels  per  week,  the  bulk  of  which,  before 
being  despatched,  are  fitted  on  axles  ready  for  fixing  to  the  tubs. 

The  visitors  were  shown  the  company's  patent  automatic  tub- 
greaser;  and  the  HcBean  and  Eaton  patented  tub-controller, 
for  passing  one,  two,  three,  and  four  tubs  at  a  timej  retaining  cr 
releasing  one  or  more,  as  may  be  required,  either  upon  a  cage  or 
upon  a  line  of  tram-rails. 
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The  Drury  patented  pedestal  and  guard  is  another  article 
manufactured  by  the  company,  a  device  which  is  especially  useful 
when  used  in  conjunction  with  the  patent  tub-greaser.  Another 
colliery-device  made  by  the  company  is  the  Sylvester  patent  prop- 
withdrawer.* 

In  connection  with  mining  and  colliery-work,  may  be  men- 
tioned the  "  Heclon  "  rock  and  ore-breaker.  This  is  a  gyra- 
tory stone-crusher,  in  which  the  ''Era  "  manganese-steel  is  used 
for  the  crushing  parts.  With  the  gyratory  arrangement,  the 
motion  of  the  crushing  cone  is  very  slight,  and  this  fact,  combined 
with  the  concave  form  of  the  surface  against  which  the  stone 
is  broken,  and  the  instant  release  after  cracking,  tends  to  pre- 
vent the  shattering  of  the  stone  and  economizes  the  dust.  In 
many  cases  macadam  or  ballast  broken  in  this  way  is  found 
superior  even  to  hand-broken  stone.  Another  application  of 
the  "  Era  "  manganese-steel  is  found  in  Hadfield  and  Jack's 
patent  stone-breaker  and  ore-crusher,  the  jaws  of  which  are  con- 
structed of  this  material. 

"  Era  "  manganese-steel  is  also  used  for  the  manufacture  of 
revolving  screens  for  grading  ore  and  road-metal,  and  for  eleva- 
tors and  conveyors  which  are  specially  designed  for  economical 
handling  of  ore,  coal,  etc. 

In  connection  with  railway  work,  Messrs.  Hadfields  make 
locomotive  castings  of  every  description,  such  as  wheel-centres, 
axle-boxes,  horn-blocks,  motion-plates,  roof-bars  for  boilers,  etc. 
Complete  wheels,  tyres,  and  centres  for  railway-wagons  are  also 
largely  supplied,  and  are  taking  the  place  of  the  wrought-iron 
wheels  for  goods  stock.  The  larger  wagons  now  used  and  the 
heavier  loads  demand  something  more  reliable  than  the  older 
materials,  and  the  company  have  introduced  a  special  grade  of 
best  toughened  cast-steel  for  this  purpose.  Buffer-castings  are 
also  a  special  feature  to  which  attention  has  been  turned,  and  a 
large  number  of  these  have  been  supplied ;  also  a  quantity  of 
castings  for  Laycock  patent  brakes  and  couplers. 

For  hydraulic  presses,  the  company  make  cast-steel  cylinders, 
rams,  and  glands,  they  having  been  the  first  to  introduce  steel- 
cylinders  for  hydraulic  valves ;  these  are  supplied  up  to  27 
feet  long,  either  as  castings  from  the  mould  or  machined  and 

*  "Improved  Apparatus  for  Drawing  Timber  in  Mines,"  by  Mr.   Edward 
B.  Wain,  Trans.  Inst.  Si.  E.,  1S96,  vol.  xii.,  page  591. 
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finished.  These  are  difficult  castings  to  make,  on  account  of  the 
comparatively  thin  walls  and  big  heads  attached  to  them,  lead- 
ing to  unequal  contraction.  Some  of  these  castings  take  as 
much  as  22  tons  of  metal. 

To  castings  for  electrical  machinery,  special  attention  has 
been  given,  both  in  regard  to  the  form  of  castings  and  to  the 
electrical  permeability  of  the  metal.  Magnet-rings  up  to  16  feet 
in  diameter  have  been  cast  in  one,  the  weight  being  as  much  as 
20  tons. 

The  Hadfield's  Steel  Foundry  Company,  Limited,  have  a 
special  department  devoted  to  the  manufacture  of  "  Era  "  man- 
ganese-steel points  and  crossings  for  tramways  and  railways.  The 
company  have  also  completed  some  extensive  and  complicated 
lay-outs  for  electrical  conduit  tramways,  a  branch  of  engineering 
to  which  thev  have  given  much  attention. 


WILLIAM  COOKE  AND  COMPANY,  LIMITED :  TINSLEY 
STEEL,  IKON,  AND  WIRE-ROPE  WORKS,  SHEFFIELD. 

The  wire-rope  factory  was  erected  in  1887,  and  comprises 
60,000  square  feet  of  flooring  for  machines.  It  is  equipped 
with  machinery  for  dealing  with  wire-ropes  as  used  by  mines  and 
engineering  works.  The  wire  used  in  the  manufacture  of  the 
ropes  is  carefully  tested  before  it  is  sent  into  the  rope-factory, 
and  detailed  records  are  kept  of  the  manufacture  of  every  rope. 

An  incline  hauling-rope,  19,680  feet  long  and  1^  inches  in 
diameter,  of  improved  plough-steel,  galvanized,  weighed  over 
32  tons.  Another  rope  of  the  same  quality,  12,000  feet  long  and 
1£  inches  in  diameter,  weighed  14J  tons. 

In  1903,  a  wire-rod  mill  was  erected  for  rolling  high-class 
wire-rods  for  rope-wire,  card-wire,  etc.,  more  attention  being  paid 
to  the  quality  than  to  the  quantity  of  production.  The  billets 
are  heated  in  a  Siemens  gas-furnace.  The  power-plant  for 
driving  the  mill  consists  of  a  coupled  tandem  compound  con- 
densing engine,  constructed  to  develop  1,200  horsepower  when 
using  steam  at  a  pressure  of  150  pounds  per  square  inch.  The 
fly-wheel,  17^  feet  in  diameter,  grooved  for  thirty- two  ropes,  each 
1^  inches  in  diameter,  transmits  the  power  to  pulleys  on  the 
finishing  and  intermediate  mill-shafts,  the  cogging-mill  being 
driven    by    a    pulley    from    the    intermediate    mill-shaft.     The 
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finishing-mill  has  a  hollow-steel  driving-shaft,  running  at  400 
to  500  revolutions  per  minute.  The  condensing-plant  comprises 
three  vertical  air-pumps  with  a  jet-condenser,  two  compound 
condensing  pumps,  a  steam-separator,  a  steam-trap,  and  a  feed- 
heater  through  which  the  water  is  pumped  before  entering  the 
fuel-economizer. 

The  works  have  a  productive  capacity  of  over  20,000  tons  of 
bar-iron  per  annum,  a  large  portion  of  this  material  being  their 
wellknown  brands  of  "Cooke's  Best  Yorkshire,"  "  Special  Crank," 
"  B.  B.  Cable,''  and  other  qualities  specially  adapted  for  en- 
gineering and  colliery  purposes.  Channel-steel  is  also  rolled  in 
numerous  sections  for  rubber-tyres  for  all  classes  of  vehicles 
and  motor-cars.  Shoes  for  horses,  pit-ponies,  carriage,  omni- 
bus, van,  and  heavy  dray  horses  are  turned  out  at  a  rapid 
rate  by  machinery.  The  old  prejudice  against  machine-made 
shoes  is  gradually  dying  out,  this  being  in  a  measure  due  to  the 
great  improvements  introduced  in  the  manufacture  of  machine- 
made  shoes. 

The  works  include  a  chemical  laboratory,  where  all  classes 
of  raw  and  finished  materials  are  analysed ;  a  testing-shop  con- 
taining a  100-ton  hydraulic  testing-machine  for  testing  wire- 
ropes,  bar-iron,  etc.,  roll-turning,  engineering,  boiler-smiths', 
blacksmiths',  joiners',  and  pattern-making  shops. 
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Clyde  Steel -ivories. — -The  power-station  comprises  gas-pro- 
ducers and  gas-engines.  Two  Crossley  gas-producers  of  250  and 
150  horsepower  respectively  are  in  use.  The  Tangye  three-cylin- 
der vertical  Otto  cycle  gas-motor  of  200  horsepower  is  coupled 
direct  to  the  dynamo  that  is  used  for  power  purposes.  The 
pistons  are  16  inches  in  diameter  by  19  inches  stroke,  and  the 
engine  runs  at  210  revolutions  a  minute.  The  supply  of  gas  is 
regulated  at  the  throttle-valve.  The  engine  is  started  by  com- 
pressed air  at  a  pressure  of  160  pounds  per  square  inch.  A 
horizontal  gas-engine  of  70  horsepower,  with  cylinders  16i 
inches  in  diameter  and  24  inches  stroke,  drives  a  compound- 
wound  dynamo  by  means  of  a  belt.  The  circulation  of  the 
water  through  the  jackets  of  the  gas-engines  is  assisted  by  a 
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centrifugal  pump.  A  horizontal  Corliss  engine  of  about  200 
horsepower  drives  two  rolling  mills,  with  rolls  16  and  12  inches 
in  diameter  respectively.  A  beam-engine  actuates  three  rolling- 
mill  trains,  with  rolls  respectively  8, 10,  and  12  inches  in  diameter. 
In  the  crucible-steel  melting  department,  there  are  seven  sets  of 
holes  of  one  dozen  each. 

At  the  testing-lathe,  the  capabilities  of  Mushet  high-speed 
steel  for  turning  tools  were  demonstrated.  A  tool,  1£  inches 
square,  at  a  cutting  speed  of  65  feet  per  minute,  with  a  traverse 
of  I  inch,  took  a  cut  of  1  inch  off  the  diameter  of  a  large  tensile- 
steel  shaft,  weighing  40  tons.  When  taken  out  for  inspection, 
the  tool  was  found  to  be  perfectly  good  at  the  nose. 

In  the  twist-drill  department,  a  Mushet  high-speed  steel 
twist-drill,  f  inch  in  diameter,  running  at  526  revolutions  per 
minute,  drilled  holes  in  cast-iron  at  the  rate  of  17-02  inches 
per  minute.  A  drill,  2§  inches  in  diameter,  running  at  111 
revolutions  per  minute,  drilled  holes  in  steel  with  a  tensile  strain 
of  30  tons  per  square  inch,  at  the  rate  of  3-58  inches  per  minute. 

Rutland  Works. — In  1885,  Messrs.  Samuel  Osborn  and  Com- 
pany, Limited,  finding  it  impossible  to  extend  further  their 
Clyde  Steel  "Works  to  meet  the  growing  demand  for  some  classes 
of  their  productions,  took  a  large  mill  close  to  Rutland  Bridge. 
It  had  been  occupied  by  Messrs.  Samuel  Butcher  and  Company, 
and  was  rebuilt,  considerably  added  to,  and  adapted  as  a  steel- 
foundry.  It  is  thoroughly  equipped  for  every  class  of  casting, 
from  motor-car  castings  of  a  few  ounces  to  cogging-mill  rolls  and 
other  large  pieces  of  20  tons  weight. 

The  members  witnessed  the  tapping  and  casting  of  12  tons 
of  high-permeability  steel.  Hand,  hydraulic,  and  gear  moulding 
and  core-making  machines  were  fully  occupied  with  a  large 
variety  of  work.  A  large  sand-blast  fettling  plant  has  been 
installed,  and  a  compound  air-compressor  of  the  vertical  type 
supplies  a  system  of  compressed  air  at  a  pressure  of  80  pounds 
per  square  inch  for  the  working  of  pneumatic  sand-riddles, 
rammers,  chippers,  and  other  tools. 

The  works  are  equal  to  an  output  of  about  200  tons  per  week, 
the  steel-plant  consisting  of  crucible  furnaces  and  two  Siemens 
acid  furnaces,  each  of  12  tons  capacity;  and  an  extensive  and 
up-to-date  plant  of  the  converter  type  was  in  course  of 
completion. 
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A  varied  assortment  of  incline  rollers  and  frames,  pulleys, 
sheaves,  buffer-hoops,  rope-clips,  pit-turns,  tub-wheels,  axles 
and  pedestals,  and  other  colliery  requisites  were  being  made  or 
awaiting-  despatch.  In  addition  to  the  various  tempers  of  carbon- 
steel  required  for  the  many  different  classes  of  castings  made, 
from  nearly  pure  iron  for  dynamo  and  motor  parts  to  the  exceed- 
ingly hard  qualities  required  for  quartz-crushing  machinery, 
the  company  also  make  castings  in  nickel  and  chrome-steels ; 
and  a  speciality  is  made  of  manganese-steel  for  all  purposes 
where  extreme  hardness  combined  with  toughness  is  essential. 

Brookhill  Works. — From  the  steel-foundry,  conveyances  took 
the  visitors  to  the  file-works  at  Brookhill,  where  every  process 
in  the  manufacture  of  files  was  witnessed.  About  10  tons  of 
finished  files  are  turned  out  at  this  factory  each  week. 


DERWENT  VALLEY  WATER-SCHEME.* 

The  members  visited  the  Derwent  Valley  waterworks,   and 
made  an  inspection  of  the  reservoirs  at  Howdon  and  Derwent. 


*   Tran<.  Inst.  W.  E.,  1904,  vol.  xxvii.,  page  274. 
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MIDLAND  INSTITUTE  OF  MIXING,  CIYIL  AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Philosophical  Hall,  Leeds,  February  4th,   190S. 


Mr.  WILLIAM  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  vrere  read  and 
confirmed. 


The  following1  gentlemen,  having  been  previously  nominated, 
were  elected  :  — 

Members— 
Mr.   Thomas  Lowdex,  Mechanical  Engineer,  85,  Kirkstall  Road,  Leeds. 
Mr.  George  Hexry  Rayxer,  Engineer,  The  Hardy  Patent  Pick  Company, 
Limited,  Sheffield. 

Associate  Members — 
Mr.   Philip   Erxest    Browx,    Architect     and     Mining    Surveyor,    Messrs. 

Stubbs  &  Brown,  74,  High  Street,  Sheffield. 
The   Right   Hon.    the    Earl   Fitzwilliam,    Colliery    Proprietor,    Wentworth 

Woodhouse,  Rotherham. 
Mr.  Ernest  Suttox,  Explosives  Merchant,  22,  Victoria  Chambers,  Leeds. 
Mr.  Tom  Taylor,   Colliery-supplies  Merchant,  North  Terrace,  Cross  Gates, 

Leeds. 

Stldexts — 
Mr.  Walter  Aloysious  Doyle  Kelly,  Mining  Student,  The  University,  53, 

Mount  Preston,  Leeds. 
Mr.  Roxald    Thompson,     Mining    Student,     Stoneleigh,    Godstone    Road, 

Rotherham. 


Mr.  Jonathan  Wroe  read  the  following-  '*  Notes  on  a  recent 
Underground  Fire  at  Wharncliffe  Silkstone  Collieries,  and  the 
use  of  Rescue-apparatus  in  connection  therewith":  — 
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NOTES  ON  A  EECENT  UNDERGROUND  FIRE  AT 
WHARNCLIFFE  SILKSTONE  COLLIERIES,  AND 
THE  USE  OF  RESCUE-APPARATUS  IN  CONNEC- 
TION THEREWITH. 


By  JONATHAN  WEOE. 


On  October  15th,  1907,  an  alarming  fire  occurred  at  an  elec- 
tric haulage  plant  in  the  Fenton  seam  at  the  Wharncliffe  Silk- 
stone  collieries,  at  a  point  about  a  mile  from  the  shaft,  which 
might  have  had  very  serious  consequences  had  the  fire  penetrated 
into  any  of  the  workings.  In  fact,  it  might  have  resulted  in 
the  stoppage  of  the  mine  for  many  months,  with  possible  loss 
of  life.  The  fact  of  the  fire  having  been  extinguished  without 
serious  consequences  does  not  render  the  incident  less  interesting 
as  an  object-lesson,  and  in  this  connection  may  be  mentioned  the 
following  points  worthy  of  attention  :  — 

(1)  The  risks  arising  from  the  use  of  electrical  machinery 
underground. 

(2)  The  utility  of  -artificial-breathing  apparatus  in  dealing 
with  such  fires. 

It  is  especially  with  regard  to  the  second  point  that  the  pre- 
sent paper  has  been  prepared. 

With  regard  to  the  first  point,  it  may,  in  a  few  words,  be  said 
that  the  plant  was  installed  with  a  full  consciousness  of  the  possi- 
bilities of  danger  from  the  use  of  electricity  for  haulage  purposes, 
this  being  practically  the  only  power  available  in  that  position. 
All  the  coal  for  some  yards  around  the  motor-house  had  been 
removed,  and  in  the  construction  of  the  motor-house  itself  no 
wood  was  employed,  except  a  frame  on  which  the  machinery 
stood.  It  was  entirely  constructed  of  brick,  concrete,  and  steel, 
as  shown  in  fig.  2  (plate  i.),  but  there  was  at  the  time  of  the 
fire  a  wooden  door  communicating  with  the  airway  at  the  back 
of  the  motor-house.     Along  this  airway,   which  is  made  in  the 
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goaf,  no  wooden  bars  or  props  were  set.  The  writer  was  informed 
of  the  occurrence  at  12'45  p.m. ;  he  arrived  upon  the  scene  about 
half-an-hour  later,  and  then  found  that  entry  to  the  motor- 
house  was  impossible  on  account  of  the  stifling  fumes  and  great 
heat.  He  thereupon  issued  instructions  for  the  men,  who  had 
already  been  withdrawn  from  their  respective  points  of  duty,  to 
be  sent  out  of  the  pit  by  way  of  the  main  haulage-road,  instead 
of  the  return-airway,  which  was  their  usual  way  of  exit,  but  which 
had  become  impassible  owing  to  the  smoke.  An  attempt  was  then 
made  to  enter  the  airway  at  the  back  of  the  motor-house,  at  A 
(fig.  3,  plate  i.),  with  the  view  of  opening  the  regulator,  B,  to  ad- 
mit more  air,  in  order  to  render  less  dense  the  choking  fumes. 
Upon  opening  the  separation-doors,  however,  this  was  found  to  be 
impossible,  and  the  writer  then  arranged  to  fix  brattice  along 
to  the  regulator  at  B  (fig.  3,  plate  i.).  If  at  this  time  rescue- 
apparatus  had  been  at  hand,  this  bratticing  would  have  been 
unnecessary,  and  immediate  access  to  the  regulator  would  have 
been  gained.  The  writer  returned  again  to  the  motor-house,  but 
found  that  it  was  still  impossible  to  enter  i  i .  He  then  despatched  a 
messenger  for  the  rescue-apparatus,  Rex  fire-extinguishers,  and 
a  supply  of  sand,  and  also  for  several  of  his  officials  who  had 
been  trained  in  the  use  of  oxygen-breathing  apparatus.  The 
telephone,  being  installed  in  the  engine-house,  and  access  to 
the  same  being  then  impossible  owing  to  the  heat  and  fumes 
from  the  fire,  the  messenger  was  conveyed  in  the  empty  run  on 
the  main  haulage-road,  which  is  a  main-and-tail  rope  system.  On 
his  arrival  at  the  surface,  the  colliery  trap  was  despatched  to 
the  Tankersley  rescue-station  for  the  apparatus,  which,  upon 
its  arrival  at  the  pit-bottom,  was  conveyed  to  the  scene  of  the 
fire  by  means  of  the  same  main-and-tail  haulage  system. 

Meanwhile,  the  writer  was  successful  in  reaching  the  air  regu- 
lator, B  (fig.  3,  plate  i.),  upon  opening  which  the  fumes  were 
slowly  dispersed,  but  it  was  then  possible  only  to  approach  near 
the  seat  of  the  fire  by  crawling ;  and  although  strenuous  efforts 
were  made  to  attack  the  seat  of  the  outbreak,  the  workmen  were 
continually  driven  back  for  want  of  air.  Eventually,  however, 
success  attended  their  efforts,  and,  by  a  plentiful  use  of  sand  and 
fire-extinguishers,  the  flames  were  extinguished ;  but  it  was  still 
found  impossible,  owing  to  the  intense  heat  and  choking  fumes, 
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to  enter  the  motor-house.  About  this  time,  the  rescue-apparatus 
arrived,  simultaneously  with  which  the  woodeu  partition  doors, 
E  (fig.  1,  plate  i.),  burst  into  flame,  and  the  outlook  again 
assumed  a  threatening  aspect.  The  apparatus  was  immediately 
put  on  by  two  officials,  under  the  supervision  of  Sergeant 
\Yinborn,  who  had  arrived  with  the  apparatus,  and  who  then  at- 
tacked the  flames,  being  able  to  approach  close  to  the  outbreak 
and  to  apply  effectively  the  sand  and  water  and  fire-extinguish- 
ers, which  were  handed  on  by  a  number  of  willing  workers. 
The  writer's  object  now  was  to  gain  access  to  the  airway  in  order 
to  ascertain  whether  the  fire  had  penetrated  thither.  He  there- 
fore instructed  the  wearers  of  the  apparatus  accordingly,  who, 
aiter  having  made  an  examination  of  the  airway,  reported  that 
such  was  not  the  case.  They  then  made  a  vigorous  attack  upon, 
and  succeeded  in  breaking,  the  concrete  floor  of  the  motor- 
house,  and  by  means  of  water  gradually  subdued  the  fiery  heat 
beneath,  thus  ensuring  against  any  further  outbreak  of  fire. 
This  task  would  have  been  quite  impossible  in  the  absence  of 
any  rescue-apparatus. 

The  helmet  type  of  the  Drseger  apparatus  was  used  on  this 
occasion,  and  proved  a  complete  success.  Had  this  apparatus 
been  more  readily  to  hand,  the  fire  would  have  been  extin- 
guished much  more  quickly  than  was  the  case.  Considering 
the  position  of  the  rescue-station  in  relation  to  the  scene  of 
the  fire,  and  the  means  of  communication  and  transit  available, 
the  writer  considers  that  the  time  taken  in  getting  the  rescue- 
apparatus  upon  the  spot  was  remarkably  short,  as  only  about  45 
minutes  elapsed  after  the  message  was  sent  from  the  seat  of  the 
fire  before  the  arrival  of  the  apparatus  and  the  trained  men. 
The  writer  desires  to  mention  that  no  delay  occurred  at  the 
rescue-station,  and  Sergeant  Winborn  may  be  congratulated  upon 
responding  so  promptly  to  the  sudden  call  made  upon  him,  this 
being  the  first  real  and  serious  call  made  upon  the  resources  of 
the  Tankersley  rescue-station.  The  apparatus  was  worn  by  three 
men  for  about  If  hours.  The  wearers  experienced  no  especial 
discomfort  during  this  period,  save  a  few  slight  burns  upon  the 
hands  through  having  to  crawl  to  various  points  over  a  ground 
rendered  excessively  hot  by  the  fire ;  and  no  ill  after-effects  were 
felt  as  a  direct  result  of  their  wearing  the  apparatus. 
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The  writer  is  of  opinion  that  a  couple  of  sets  of  rescue-appar- 
atus should  be  kept  at  the  colliery,  so  as  to  be  immediately  avail- 
able in  case  of  any  similar  emergency.  It  would  be  necessary 
that  they  should  be  exchanged  from  the  rescue-station  weekly, 
to  ensure  their  being  always  in  proper  working  order.  The 
Wharncliffe  Silkstone  Colliery  Company  are  of  this  opinion,  as 
the  directors  have  decided  to  purchase  two  extra  sets  of  appar- 
atus, irrespective  of  the  fact  that  they  contribute  their  quota 
towards  the  upkeep  of  the  Tankersley  rescue-station.  These 
two  sets  of  apparatus  will  be  installed  at  the  colliery  ambulance- 
station  adjoining  the  pit,  which  has  been  fitted  up  with  every 
convenience  necessary  for  the  proper  treatment  of  injured  men. 
The  apparatus  will  be  enclosed  in  a  dust-proof  case  with  glass 
doors,  and  the  ambulance-station  attendant,  a  pit-bank  inspec- 
tor, who  is  thoroughly  competent  in  the  rendering  of  first  aid 
to  the  injured,  is  receiving  an  elementary  course  of  instruction 
in  the  use  and  care  of  rescue-apparatus,  and  will  later  on  be 
able  to  put  the  apparatus  on  men  in  the  event  of  any  sudden 
need  of  such  appliances.  The  apparatus  will  be  exchanged 
weekly  for  fresh  sets  from  the  Tankersley  rescue-station. 

Portable  electric  hand-lamps,  with  an  adequate  number  of 
spare  accumulators,  should  also  be  kept  at  each  colliery,  and 
experience  has  shown  that  they  should  be  in  regular"  daily  use 
to  give  satisfactory  results.  The  writer  considers  that  such  lamps 
should  be  regarded  as  an  essential  part  of  the  rescue-apparatus. 

A  great  deal  has  been  written  and  said  concerning  the  ques- 
tion of  rescue-apparatus,  but  at  present  very  little  has  been  done 
towards  establishing  a  system  of  joint  colliery  rescue-stations 
throughout  the  mining  districts  of  this  country;  and,  although 
the  incident  of  this  fire  at  Whairncliffc  Silkstone  colliery  was 
of  a  small  character  and,  comparatively  speaking,  insignificant, 
yet  it  clearly  demonstrates  the  real  value  of  artificial-breathing 
apparatus.  In  this  case,  it  was  of  material  benefit,  and  enabled 
an  examination  to  be  made  which  in  its  absence  would  have 
been  altogether  impossible.  The  writer  is  also  of  opinion  that 
a  condition  of  employment  should  exist  stipulating  that  ail 
underground  officials  must  agree  to  undergo  a  course  of  training 
in  the  use  of  artificial-breathing  appliances,  and,  in  addition, 
that  they  should  reside  within  a  reasonable  distance  of  the  col- 
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liery  at  which  they  are  employed,  so  as  to  enable  them  to  reach 
the  spot  quickly  in  the  case  of  any  sudden  emergency.  Further, 
that  the  full  available  strength  of  trained  officials  should  not  all 
be  employed  upon  the  same  shift,  but  that  their  shifts  should  be 
arranged  so  as  to  enable  a  certain  number  of  trained  officials 
and  workmen  to  be  free  at  all  times,  and  in  readiness  for  service, 
if  required. 


Sergeant  Arthur  T.  AVixborx  read  the  following  "  Xotes  on 
recent  Experience  in  the  practical  use  of  Rescue-apparatus":  — 


EXPERIENCE    IX    THE    USE    OF    RESCUE- APPARATUS .  237 


NOTES  ON  RECENT  EXPERIENCE  IN  THE  PRACTICAL 

USE  OF  RESCUE-APPARATUS. 


By  SERGEANT  ARTHUR  T.  WINBORN. 


The  writer  submits  a  few  notes  respecting  the  use  of  rescue- 
apparatus  and  a  consideration  of  the  circumstances  under  which 
it  was  employed  in  the  underground  fire  at  Whamcliffe  Silk- 
stone  colliery,  described  in  Mr.  "Wroe's  paper.* 

(1)  The  call  for  the  apparatus  reached  the  Tankersley  rescue- 
station,  situated  a  mile  from  the  colliery,  about  2  p.m.  The 
message  was  conveyed  by  the  colliery  dogcart,  and  within  five 
minutes  the  three  sets  of  Draeger  rescue-apparatus  were  put  into 
the  dogcart,  and  the  writer  proceeded  to  the  colliery,  reaching 
it  in  seven  or  eight  minutes,  and  within  about  twenty-five 
minutes  the  fire,  which  was  situated  a  mile  inbye,  was  reached. 
The  position  of  the  station  in  relation  to  the  collieries  connected 
with  it  is  shown  in  fig.  1. 

(2)  The  men  called  upon  to  wear  the  apparatus  did  not  ex- 
hibit the  least  hesitation  in  donning  it;  their  confidence  in  it 
was  absolute,  and  was  confirmed  by  their  experience  with  it  in 
the  foul  air  and  intense  heat. 

(3)  The  apparatus  was  not  found  cumbrous,  and  the  men 
were  able  to  do  effective  work  under  actual  conditions.  There 
was  about  4  feet  of  height  in  the  place  where  they  had  to  go, 
and  the  men  complained  of  no  difficulty  in  breathing,  even 
when  excited  by  the  actual  presence  of  danger. 

(4)  There  may  be  some  question  as  to  the  relative  merits 
of  the  helmet  or  mouth-breathing  type  of  apparatus,  but  the  writer 
is  of  opinion  that  the  choice  of  apparatus  is  governed  entirely 
by  the  circumstances  under  which  the  wearer  has  to  work,  and 

*  "Notes  on  a  recent  Underground  Fire  at  Wharncliffe  Silkstone  Collieries, 
and  the  use  of  Rescue-apparatus  in  connection  therewith,"  by  Mr.  Jonathan  Wroe, 
Trans.  Inst.  M.  E.,  1908,  vol.  xxxv.,  page  2. 
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this  can  only  be  decided  when  one  is  cognizant  of  the  nature  of 
the  work  to  be  undertaken.  For  instance,  in  dealing-  with  an 
outbreak  of  fire  much  may  depend  upon  the  promptitude  and 
energy  displayed  in  attacking  the  same.  It  is  an  occasion  calling 
for  sheer  hard  work  and  energy,  and  the  helmet  type  would  be 
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Fig.  1. — Plan  shewing  Group  of  Collieries  connected  with  Tankersley 
Rescue-station.     Scale,  14  miles  to  1  inch. 


chosen  :  first,  because  the  helmet  affords  some  protection  to  the 
face  and  head  from  the  flames  and  heat,  and,  secondly,  because 
it  permits  of  the  maximum  amount  of  exertion  by  reason  of  the 
wearer  having  the  advantage  of  a  natural  respiration.  In  addi- 
tion to  this,  the  supply  of  fresh  oxygen  keeps  the  face  cool  for 
some  time. 
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In  the  case  of  the  fire  at  Wharncliffe  Silkstone  collieries,  the 
Dneger  helmet  was  used  for  the  above  reasons.  The  mouth- 
breathing  type  may  possibly  be  considered  preferable  for  explora- 
tion work,  or  when  men  have  to  travel  any  considerable  dis- 
tance, as  this  type  may  be  considered  to  afford  the  maximum 
amount  of  safety.  The  area  of  surface  over  which  an  airtight 
joint  has  to  be  made  is  much  smaller,  and  there  is  therefore 
less  liability  to  leakage.  It  may  here  be  remarked  that  most 
men  when  exerting  themselves  greatly  cannot  breathe  freely 
through  the  mouth  only,  and  the  stoppage  of  the  nostrils,  and  the 
fact  of  having  the  indiarubber  mouthpiece  securely  fastened  in 
the  mouth,  is  a  source  of  discomfort,  however  well  accustomed 
they  may  be  to  the  apparatus.  Compulsory  breathing  solely 
through  the  mouth  is  also  unnatural.  The  writer  therefore  con- 
siders that  an  apparatus  which  is  capable  of  being  used  either 
with  the  helmet  or  as  a  mouth-breathing  type  possesses  decided 
advantages. 

(5)  It  has  been  suggested  that  apparatus  should  be  kept  at 
collieries,  and  that  in  the  case  of  the  fire  at  Wharncliffe  Silk- 
stone  collieries,  if  the  apparatus  had  been  more  readily  to  hand 
the  fire  might  possibly  have  been  dealt  with  more  quickly  :  but 
the  writer  would  point  out  that  the  apparatus  was  on  the  spot 
at  the  seat  of  the  fire  at  about  the  same  time  as  the  trained  men 
to  wear  it.  The  experience  that  the  writer  has  obtained  at  the 
Tankersley  rescue-station  confirms  the  opinion  that  any  appar- 
atus which  may  be  kept  at  collieries  must  be  exchanged  at  fre- 
quent intervals  with  the  apparatus  at  a  rescue-station,  in  order  to 
ensure  its  regular  use  in  rotation,  and  overhauling  with  the 
other  sets  which  comprise  the  station's  equipment.  The  fact 
that  they  may  be  enclosed  under  glass  in  a  dust-proof  case  would 
in  no  way  obviate  this  necessary  precaution.  By  a  strict  adher- 
ence to  this  condition,  rescue-appliances  kept  at  a  pit  ready  for 
instant  use  possess  an  obvious  advantage,  provided,  of  course, 
that  suitable  men  are  at  hand  to  wear  them,  with  a  competent 
man  in  charge ;  and,  to  meet  this  provision,  it  would  have  to  be 
arranged,  as  pointed  out  in  Mr.  TTroe's  paper,  that  the  trained 
men  were  not  all  employed  upon  the  same  shift,  but  divided 
equally,  so  that  they  would  not  all  be  in  the  pit  at  the  same 
time. 
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(6)  Concerning  the  training  of  men,  the  writer  would  point 
out  that,  in  order  to  attain  any  degree  of  efficiency  in  the  use 
of  rescue-apparatus,  practices  at  the  rescue-station  should  always 
take  place  in  a  vitiated  atmosphere,  otherwise  they  are  not  of 
much  use.  The  tasks  to  be  performed  should  be  made  to  re- 
semble as  nearly  as  possible  the  actual  conditions  prevailing 
immediately  after  an  explosion  in  a  pit,  and  should  include  the 
negotiation  of  contracted  passages,  the  construction  of  which 
should  be  altered  from  time  to  time  in  order  to  present  a  foreign 
appearance  to  the  men,  who  would  otherwise  become  familiar 
with  its  construction  and  its  difficulties.  Bratticing,  building 
brick-stoppings,  the  setting  of  props,  the  use  of  the  different  makes 
of  fire-extinguishers,  bringing  out  dummies  on  improvised  stretch- 
ers and  stretchers  proper,  and  tests  of  exertion  by  means  of  a  weight 
and  pulley  arrangement,  should  all  be  included  in  station  prac- 
tices. Portable  electric  hand-lamps,  besides  being  kept  at  pits, 
should  also  be  in  regular  use  at  the  station  for  practice  purposes, 
provided  the  means  of  recharging  the  same  be  at  hand.  It  is 
of  the  utmost  importance  that  telephonic  communication  should 
be  available  between  the  rescue-station  and  the  collieries  con- 
cerned :  and  it  would  greatly  facilitate  the  arrival  of  apparatus 
?.+  any  particular  spot  if  some  means  of  conveyance  were  always 
at  the  immediate  disposal  of  the  rescue-station.  By  way  of  creat- 
ing interest  and  giving  encouragement,  certificates  of  efficiency 
might  be  awarded  to  the  men  upon  the  accomplishment  of  cer- 
tain prescribed  tasks. 

On  a  still  more  recent  occasion,  the  writer  had  an  oppor- 
tunity of  severely  testing  the  utility  of  both  the  mouth-breathins: 
and  the  helmet  types  of  apparatus  in  an  accumulation  of  black- 
damp  at  one  of  the  collieries  connected  with  the  rescue-station. 
Owing  to  the  rising  of  water  in  a  dip-working,  and  the  consequent 
interference  with  the  ventilation,  a  pump  had  become  inacces- 
sible, the  light  of  the  safety-lamps  being  extinguished  at  a  point 
about  180  feet  from  the  pump.  From  this  point,  the  road  was  about 
3  feet  6  inches  high.  The  writer,  accompanied  by  three  officials, 
upon  reaching  the  spot,  discovered  that  the  pump  at  the  deepest 
end  was  partly  submerged  in  about  3|  feet  to  4  feet  of  water, 
which  prevented  the  workers  from  accomplishing  their  pur- 
pose, although  they  were  enabled  to  make  a  thorough  exam- 
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ination  of  the  actual  existing1  conditions.  The  workers  remained 
in  the  black-damp,  with  the  water  at  times  reaching-  to  their 
waists,  for  about  three-quarters  of  an  hour,  and  ultimately  re- 
tired upon  realizing-  their  inability  to  do  any  good  under  the 
prevailing  conditions,  but  not  through  any  fault  of  the  apparatus. 
Had  the  incident  consisted  solely  of  the  getting  out  of  a  number 
of  men  under  the  influence  of  the  gas,  the  task  could  have  been 
accomplished  with  comparative  ease.  No  discomfort  was  felt  by 
the  wearers,  who  ex- 
pressed themselves 
confident  of  wearing 
the  apparatus  for  con- 
secutive periods  of 
two  hours.  The  un- 
canny effect  which  is 
usually  associated 
with  the  use  of  the 
mouth-breathing  i  ype 
of  apparatus,  on  ac- 
count of  the  wearers 
having  to  rely  Upon 
signs,  was  altogether 
missing  upon  this 
occasion,  as  the  offi- 
cials wore  the  Drseger 
helmet,  and  were  thus 
able  to  converse  freely 
with  each  other. 

Another  point 

brought  to  the  writer's 
notice  during  this  in- 
cident was  the  neces- 
sity for  a  suitable  lamp  for  use  in  connection  with  rescue- 
apparatus.  Upon  this  occasion  portable  electric  lamps  were 
used,  and  owing  to  the  presence  of  water  the  lamp  had  to 
be  held  in  one  hand  and  the  work  done  with  the  other, 
or  the  lamp  held  by  a  second  person,  which  reduced  the  work- 
ing party  to  half  its  actual  numerical  strength.  Further,  a 
party  is  very  much  handicapped  when  forcing  a  passage  through 
a  roadway  blocked  by  falls  of  roof,  etc.,  if  only  portable  hand- 
lamps    are    available.       The    question    of    the    lamp    becomes, 


Fig.  2. — Dr.eger  Helmet,  with  Electric  Lamp 
attached  :  a,  Lamp  ;  b,  Accumulator. 
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therefore,  of  great  importance.  The  lamp  must  be  considered  an 
indispensible  part  of  the  apparatus,  and  it  must  be  as  independent 
of  the  prevailing  atmospheric  conditions  as  the  apparatus  itself. 

The  writer  is  of  opinion  that  an  electric  lamp  should  be 
attachable  to  the  apparatus  in  such  a  position  as  to  involve  the 
least  amount  of  risk  of  injury,  and  with  its  light  thrown  in  the 
proper  direction.  A  man  would  then  have  the  free  use  of  both 
hands,  and  his  rate  of  progress  would  thus  be  increased. 

Messrs.  Garforth  and  Drseger  have  both  recognized  the  im- 
portance of  this  question  by  attaching  an  electric  lamp  to  the 
latest  types  of  their  apparatus.  That  attached  to  the  Drseger  hel- 
met is  shown  in  fig.  2.  The  lamp,  a,  is  carried  over  the  forehead 
and  its  light  thrown  immediately  ahead  of  the  worker,  whilst 
the  accumulator,  b,  is  fixed  on  the  back  of  the  helmet.  The 
lamps  are  of  1|  and  3  candle-power,  and  will  last  for  2|  and  5 
hours  respectively. 

This  mission,  although  unsuccessful  in  its  object,  did  good, 
in  that  it  instilled  in  the  men  concerned  a  wonderful  confidence 
in  this  particular  type  of  apparatus ;  and,  so  far  as  the  writer  is 
aware,  it  was  the  severest  and  most  practical  test  to  which 
apparatus  of  a  modern  type  has  been  put  in  actual  underground 
work  in  this  country.  So  much  is  at  stake  in  the  actual  use  of 
any  form  of  artificial-breathing  apparatus  that  every  little  point 
likely  to  add  to  their  general  utility  and  the  comfort  with  which 
they  can  be  worn  should  receive  its  full  share  of  consideration. 


The  President  (Mr.  William  Walker,  H.M.  Inspector  of 
Mines,  Doncaster)  said  that  the  writers  of  the  papers  had  had 
practical  experience  with  rescue-apparatus  both  at  the  pit  and  at 
the  rescue-station,  and  the  results  of  their  experience  as  recorded 
in  these  papers  were  of  the  greatest  value.  He  hoped  that  other 
users  of  such  apparatus  would  in  future  furnish  the  various  mining 
institutes  in  the  country  with  the  benefit  of  their  experience. 

A  point  which  struck  him  was  whether  wood  should  be  used 
at  all,  and  especially  underground,  where  electricity  was  em- 
ployed. He  saw  the  place  very  soon  after  the  occurrence,  and 
the  wood  upon  which  the  motor  was  fixed  was  very  badly  charred. 

As  to  the  use  of  separate  sets  of  rescue-apparatus  at  collieries, 
he  thought  that  was  a  proper  course  to  follow;    but  the  very 
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greatest  care  would  have  to  be  taken  to  ensure  that  the  apparatus 
was  in  proper  working  order;  otherwise,  instead  of  its  being  an 
advantage,  an  element  of  danger  would  be  thereby  introduced.  It 
would  be  absolutely  necessary,  he  thought,  that  some  maximum 
time  should  be  stated  in  the  rules  beyond  which  the  apparatus 
should  not  be  allowed  to  remain  at  the  colliery.  This  question  had 
been  discussed  at  Wath,  where  recently  a  joint  rescue-station  had 
been  established,  and  the  committee  there  were  agreed  that  there 
should  be  separate  sets  of  apparatus  at  the  pits ;  but  that  they 
should  be  brought  back  to  the  station  at  short  intervals  and  re- 
placed by  other  apparatus,  and  also  frequently  examined,  and 
be  under  the  charge  of  a  competent  person,  whilst  at  the  colliery. 
Regarding  Sergeant  Winborn's  suggestion  that"  training 
should  not  be  confined  to  one  kind  of  apparatus,  it  had  always 
occurred  to  him  that  it  would  be  far  better  if  a  rescue-station 
could  be  fitted  with  one  kind  of  apparatus,  so  that  in  case  of 
necessity  there  would  be  no  doubt  about  having  men  available 
who  had  been  trained  in  the  use  of  the  particular  kind  at  the 
station  or  sub-station. 

Mr.  W.  H.  Chambers  (Denaby)  wrote  that  the  experience 
given  by  Mr.  Wroe  of  the  practical  use  of  rescue-apparatus  for 
supplying  a  pure  breathable  air,  enabling  workmen  to  penetrate 
an  irrespirable  atmosphere  and  to  perform  most  useful  service 
under  such  extremely  trying  and  dangerous  conditions,  was  of 
the  utmost  interest  to  everyone  responsible  for  the  safety  of 
mines.  It  illustrated  the  absolute  necessity  of  the  provision  of  such 
apparatus,  with  a  competent  staff  to  wear  it,  at  every  properly 
equipped  colliery,  not  only  for  the  protection  of  the  mine-workers, 
but  for  the  sake  of  the  mine  itself ;  whilst  the  cost  incurred 
should  be  regarded  as  a  moderate  premium  of  insurance,  cover- 
ing many  thousands  of  pounds  involved.  The  lessons  taught 
had  been  admirably  pointed  out  by  both  Mr.  "Wroe  and  Sergeant 
Winborn,  and  most  of  the  members  would  concur  in  the  recom- 
mendation of  those  gentlemen  that  two  or  three  sets  of  apparatus 
should  be  available  on  the  spot,  housed  in  dust-tight  receptacles 
in  a  cool  and  dry  station,  and  under  the  charge  of  a  careful 
attendant,  capable  of  seeing  them  properly  fitted  to  persons  re- 
quired to  wear  them. 

Telephonic  communication  should  be  available,  so  that  in  the 
event  of  circumstances  arising  such  as  to  necessitate  the  use  of  the 


244  DISCUSSION UNDERGROUND  FIRE  AND  USE  OF  RESCUE-APPARATUS. 

apparatus,  a  message  might  immediately  be  transmitted  to  the 
central  station  to  send  on  more  apparatus  in  substitution  of  that  in 
use  when  exhausted,  together  with  means  for  replenishing  it.  It 
was  decidedly  an  advantage  that  wearers  of  such  appliances 
should  be  thoroughly  instructed  in  ambulance  work,  with  a 
view  to  their  becoming  competent  to  treat  properly  unconscious  or 
injured  persons  reached  in  the  mine,  and  convey  them  to  a  place 
of  safety  with  the  least  distress  and  danger  to  themselves  or  their 
patients. 

The  pioneer  rescue-station  in  this  country,  established  at 
Tankersley,  was  now  being  followed  by  others,  and  it  was  certain 
that  such  stations  would  be  multiplied  to  serve  reasonable  areas ; 
but,  as  yet,  those  who  appreciated  the  necessity  thereof  were  much 
exercised  as  to  what  type  of  apparatus  to  adopt. 

It  appeared  to  the  writer  that  a  test  should  be  made  (1)  as 
to  which  type  of  apparatus  inexperienced  men  could  most  readily 
be  trained  to  wear  with  confidence ;  (2)  as  to  which  type  was 
most  reliable  in  use;  (3)  which  would  keep  most  efficient  in  a 
charged  condition  ;  (4)  which  was  the  simplest  to  clean  and 
recharge;  (5)  which  weighed  the  least,  or  had  the  weight  best 
distributed ;  (6)  which  was  least  bulky,  or  likely  to  impede  the 
passage  of  the  wearer  through  contracted  openings,  or  along  low 
and  narrow  roads,  over  falls,  etc. ;  and  (7)  which  was  least  costly 
in  first  charge  and  upkeep.  Perhaps  the  time  had  arrived  when 
a  committee  might,  with  advantage,  be  appointed  to  investigate 
those  and  other  points. 

Mr.  "W.  D.  Lloyd  (Altofts)  wrote  that  both  papers  were  very 
useful,  as  they  brought  before  the  members  the  fact  that  portable 
breathing-apparatus  had  now  passed  the  experimental  stage.  He 
admired  the  promptness  with  which  the  call  had  been  met,  and 
thought  that  all  parties  concerned  were  to  be  heartily  congratu- 
lated on  the  efficient  way  in  which  they  had  dealt  with  the  fire. 
From  the  experience  that  he  had  had  in  underground  fires  and  in 
wearing  the  Draeger  and  other  apparatus  in  the  Altofts  gallery 
(which,  as  the  members  knew,  had  been  made  as  nearly  as  possible 
like  the  damaged  roadways  of  a  mine  after  an  explosion),  he  did 
not  hesitate  to  say  that  the  cost  of  an  apparatus  which  enabled  the 
wearer  to  work  in  an  irrespirable  atmosphere  would  soon  be 
repaid  in  case  of  an  outbreak  of  fire  underground,  although,  no 
doubt,  the  first  consideration  was  the  saving  of  life. 
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For  dealing  with  fires,  the  helmet  type  of  apparatus  (which 
covered  all  the  face  and  part  of  the  head)  might  be  advantageous, 
for  the  reason  stated  by  Mr.  TTinborn,  but  he  (Mr.  Lloyd) 
would  like  to  point  out  that  the  lower  part  of  the  arms,  which 
could  not  be  protected  whilst  engaged  in  putting  out  a  fire,  were 
as  much  exposed  to  the  heated  atmosphere  in  the  helmet  type  as 
in  any  other  apparatus  :  it  was  of  no  use  protecting  one  part  of  the 
body  and  leaving  other  parts  exposed.  He  also  thought  that  the 
best  apparatus  was  one  which  only  covered  part  of  the  face, 
allowing  the  wearer  to  breathe  through  both  nose  and  mouth,  and 
leaving  the  eyes  and  ears  free,  with  an  arrangement  by  which 
smoke-goggles  could  be  used,  if  necessary,  to  protect  the  eyes.  Ex- 
perience in  underground  fires  had  shown  that  the  eyes  could 
withstand  almost  as  much  heat  as  the  hands,  and  this  was  proved 
on  the  surface  in  the  case  of  men  working  at  furnaces  in  glass- 
works and  iron-works.  The  moisture  from  the  wearer's  breath, 
which  collected  on  the  glass  or  mica  pane  of  the  helmet,  thereby 
obscuring  the  vision  of  the  explorer,  was  for  obvious  reasons  a 
serious  drawback.  With  respect  to  the  supply  of  oxygen  play- 
ing on  the  face  with  a  cooling  effect,  as  stated  by  Mr.  AVinborn, 
his  experience  with  the  Drseger  apparatus  was  that  after  a  short 
time  this  effect  was  much  reduced,  and  the  helmet  became  un- 
comfortably hot.  It  should  also  be  borne  in  mind  that  if  the 
glass  or  mica  pane  in  front  of  the  helmet  (and  there  was  a  fairly 
large  surface  of  it  exposed)  became  broken  by  heat  or  an  accident, 
then  the  whole  apparatus  was  immediately  rendered  useless  and 
the  wearer  placed  in  jeopardy. 

J 
Mr.    M.    H.    Habeeshox    (Thorncliffe    collieries)    stated   that 

the   suggestions  that  trained   men   should  be  kept  on  different 

shifts,  and  that  a  station  should  be  in  telephonic  communication 

with  the  pits,  were  both  referred  to  in  his  paper  communicated  to 

the  members  some  years  ago.*     Mr.  "Wroe  had,  however,  made 

one  or  two  suggestions  which  he  could  not  endorse.     It  was  very 

natural  that  a  desire  should  now  be  expressed  for  apparatus  to 

be  stationed  at  collieries,  but  he  thought  that  it  would  be  chiefly 

in  cases  of  underground  fires  that  apparatus  so  placed  would  be 

most  useful,  and  in  such  cases  men  had  probably  not  far  to  retreat 

from  the  seat  of  the  fire  to  a  place  of  comparative  safet}'.  It  was 

*  "A  Joint  Colliery  Rescue-station,"   by  Mr.    M.    H.    Habershon,   Traits. 
Inst.  M.  L\,  1901,  vol.  xxi.,  page  100. 


246   DISCUSSION — UNDERGROUND  FIRE  AND  USE  OF  RESCUE-APPARATUS. 

quite  a  different  thing,  however,  when  men  had  to  travel,  say,  only 
100  yards  in  a  noxious  atmosphere  wherein  they  knew  that  life 
could  not  be  maintained,  and  he  thought  that  in  such  cases  the 
presence  of  the  apparatus  at  the  pit  might  introduce  an  unneces- 
sary element  of  danger  or  risk.  In  addition  to  having  the  ap- 
paratus, it  was  necessary  that  they  should  have  the  trained  men  to 
wear  it ;  and  they  must  also  have  a  competent  man  who  was  an 
expert  to  fit  the  apparatus  on  these  men  and  to  see  that  they 
were  properly  trained.  The  members  must  remember  that  the 
manager  or  undermanager,  or  some  other  person  in  charge  for 
the  time  being,  was  responsible ;  and  he  would  want  to  know  that 
the  men  were  properly  trained,  and  to  be  quite  certain  that  the 
apparatus  was  properly  fitted.  They  could  not  do  away  with  the 
personal  responsibility  of  the  certificated  manager  or  the  man  in 
charge.  It  was  necessary  to  prevent  the  danger  of  any  mishap 
arising  owing  to  some  man  putting  the  apparatus  on  who  was 
not  properly  trained,  or  upon  whom  the  apparatus  was  not  properly 
fitted,  and  he  thought  that  it  would  be  better  to  make  haste  slowly 
rather  than  to  endeavour  to  advance  beyond  their  experience. 
At  the  present  stage  of  development  of  this  question,  it  would, 
he  thought,  be  better  to  rely  upon  the  joint  rescue-stations  rather 
than  run  the  risks  to  which  he  had  alluded.  In  the  course  of 
time,  perhaps,  they  might  keep  adequately  trained  experts  at  the 
collieries,  but  at  the  present  time  they  were  not  there. 

The  suggestion  in  Mr.  Wroe's  paper,  that  all  officials  should 
be  trained  to  use  the  apparatus,  could  not,  he  thought,  be  carried 
out  in  practice.  There  were  men  who  might  be  very  suitable  as 
officials  and  deputies,  but  who  might  be  quite  unsuitable  for  wear- 
ing the  apparatus,  and  vice  versa.  The  incident  to  which  Sergeant 
W inborn  alluded,  that  of  the  test  in  black-damp,  had  given  them 
probably  more  information  on  that  point  than  any  previous  experi- 
ence with  the  apparatus,  and  the  result  was  that  they  had  now 
several  men  who  had  confidence  in  the  apparatus,  and  the  advisa- 
bility of  taking  every  opportunity  that  might  occur  of  mak- 
ing tests  with  the  apparatus  underground  had  been  thus 
demonstrated. 

In  the  discussion  of  Mr.  Bain's  paper,*  before  The  Mining 

Institute  of  Scotland,  it  was  pointed  out  that  the  success  of  a 

*  "Rescue-apparatus  for  use  in  Mines,"  by  Mr.  James  Bain,  Trans.   Inst. 
M.  E.,  1907,  vol.  xxxiv.,  pages  72  and  125. 
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rescue-station  would  depend  as  much  on  the  personal  element  as 
on  the  efficiency  of  the  apparatus.''*  He  thought  that  here  was  a 
point  which  deserved  their  attention,  for  they  would  find  it  fruit- 
less to  have  apparatus  installed  at  collieries  unless  they  had 
capable  men  and  officials  interested  in  its  use.  The  great  danger 
to  be  feared  with  rescue-stations  and  in  this  description  of  work 
was  that,  after  a  long  period  of  absence  from  any  emergency,  a 
false  sense  of  confidence  might  be  established.  He  was  the  last 
person  to  say  anything  that  would  retard  in  the  least  the  develop- 
ment of  this  question,  but  there  were  so  many  things  to  consider 
that  he  thought,  at  present,  it  must  be  remembered  that  when 
they  had  provided  the  apparatus  at  a  colliery  they  had  not  done 
all  that  was  necessary.  There  was  much  more  to  be  done  before 
success  was  attained. 

Mr.  W.  H.  Pickering  (H.M.  Inspector  of  Mines,  Doneaster) 
said  that  he  desired  to  join  in  congratulating  Mr.  TTroe  and 
Sergeant  \Yinborn  upon  their  papers,  which  gave  a  clear  account 
of  their  experiences.  Sergeant  \Vinborn  responded  most 
promptly  to  the  sudden  call,  and  Mr.  TVroe  not  only  made  good 
use  of  the  apparatus  when  it  arrived,  but  had  previously  exerted 
most  intelligent  efforts  which  prevented  the  fire  from  obtaining 
the  upper  hand  in  the  first  instance.  He  hoped  that  this  proof  of 
the  practical  utility  of  the  rescue-stations  would  stimulate  interest 
and  lead  to  the  establishment  of  others. 

He  agreed  with  Mr.  \V.  H.  Chambers  that  it  was  desirable  to 
appoint  a  sub-committee  to  inspect  the  various  types  of  apparatus 
and  to  report  thereon  to  the  Institute. 

The  members  might  be  interested  to  hear  that  apparatus 
enabling  men  to  work  underground  in  irrespirable  gases  was  in 
daily  use  in  Burma.  In  the  Yenangyaung  oil-fields  on  the 
Irrawady  river,  the  oil  was  being  obtained  by  deep  borings  in 
very  large  quantities  by  a  company  with  most  up-to-date 
machinery ;  but  amongst  the  wells  with  modern  equipment  there 
were  scattered  wells  where  work  was  carried  on  in  the  most 
primitive  way  by  natives.  These  wells  were  obtaining  petroleum 
from  the  oil-bearing  strata  nearest  the  surface,  and  many  of  them 
were  at  work  before  the  British  Government  annexed  the 
country.  With  Great  Britain's  customary  equity  in  dealing  with 
*  Trans.  Inst.  M.  E.,  1907,  vol.  xxxis-.,  page  129. 


248  DISCUSSION UNDERGROUND  FIRE  AND  USE  OF  RESCUE-APPARATUS. 

the  natives  of  our  dominions,  the  hereditary  rights  of  the  natives 
to  get  the  oil  were  respected  and  confirmed. 

These  people  won  the  petroleum  by  sinking*-  square  shafts  to 
the  sandstones  in  which  the  oil  occurs.  When  a  shaft  neared 
the  sandstone,  it  became  foul  with  petroleum-gas,  which  was 
both  explosive  and  irrespirable,  and  no  one  could  work  without 
an  apparatus  to  give  him  fresh  air.  Many  of  the  Burmese  were 
expert  divers,  and  formerly  it  was  the  custom  for  men  to  be 
quickly  lowered  into  the  wells  where  they  would  work  for  about 
two  minutes  without  drawing  breath.  \Vith  the  introduction  of 
diving  dresses  for  the  pearl  divers  of  the  Mergui  Archipelago, 
off  the  Burmese  coast,  the  hint  was  given  to  the  ingenious  miners 
that  these  dresses  might  be  used  for  their  work.  They  adopted 
them  in  their  entirety,  lead- weighted  boots  and  other  heavy  fitt- 
ings, but  eventually  an  improved  apparatus  was  designed.  It 
consisted  of  a  tin  helmet,  with  glazed  outlook-holes,  fitting  very 
loosely  over  the  head.  A  tube  was  attached  to  the  helmet  with 
the  delivery-end  just  over  the  nose  of  the  wearer.  Air  was  forced 
down  the  tube  by  a  diver's  air-pump.  A  coarse  cotton  jacket 
was  attached  to  the  helmet  and  was  tied  round  the  waist.  The 
fresh  air  passed  over  the  nose  and  mouth  of  the  worker,  who 
breathed  naturally.  The  air  inflated  the  jacket  and  escaped 
through  the  pores  of  the  fabric.  The  apparatus  was  exceedingly 
light,  and  scarcely  impeded  the  worker  at  all,  and  a  man  would 
work  for  two  hours  without  discomfort.  He  (Mr.  Pickering)  had 
seen  the  apparatus  at  work  at  depths  of  400  feet,  where  the 
sinkers  were  up  to  their  knees  in  oil,  and  where  the  shafts,  about 
4  feet  square,  were  foul  from  top  to  bottom.  The  miners  worked 
by  sunlight  reflected  down  the  shaft  by  mirrors.  The  apparatus 
was  in  use  at  a  large  number  of  mines.  A  simple  apparatus  of 
this  class  would  be  useful  in  cases  where  men  had  to  go  a  few 
hundred  feet  into  foul  gas  to  build  dams. 

Mr.  W.  "Wilde  (Hickleton  Main  Colliery)  said  that  the  inform- 
ation which  the  papers  and  discussion  had  given  would  help 
them  at  Wath  in  the  establishment  of  the  joint  rescue-station. 
He  did  not  like  to  pit  his  opinion  against  that  of  gentlemen  like 
Mr.  Habershon,  who  had  had  much  more  experience  with  rescue- 
apparatus  than  he,  but  he  would  have  thought  it  desirable  to 
have  spare  appliances  at  each  colliery,  care  being  taken  that  they 
were  exchanged  every  week,  or  at  some  regular  interval. 
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Mr.  A.  H.  Baexaed  (Denaby)  asked  why  it  was  that  such 
stress  was  laid,  upon  conducting  practices  at  a  rescue-station  in 
vitiated  atmospheres.  He  did  not  quite  see  what  difference  it 
made  to  the  man  wearing  the  apparatus,  as  he  was  isolated  from 
the  atmosphere. 

Mr.  M.  H.  Habeeshox,  referring  to  the  question  of  keeping 
the  apparatus  at  the  pits,  remarked  that  practice  in  an  experi- 
mental gallery  from  which  exit  was  easy  was  very  different  from 
actual  work  underground  under  conditions  of  real  danger.  In 
the  incident  recorded  by  Sergeant  Winborn3  one  of  the  men 
employed  was  not  so  well  trained  as  the  others,  and  that  had 
been  discovered.  AYhat  he  feared  was  that  in  a  moment  of 
excitement  the  apparatus  might  be  worn  by  men  who  were  not 
properly  trained,  or  who  might  have  it  fitted  on  inefficiently. 
The  time  would  come  when  they  would  have  apparatus  at  the 
pits,  but  for  the  moment  he  would  rather  trust  in  the  rescue- 
stations.  The  organization  at  the  Tankersley  rescue-station  was 
inadequate,  yet  it  had  been  sufficient  to  provide  apparatus,  and 
to  ensure  its  successful  use,  having  been  the  means  of  saving 
valuable  property. 

Mr.  John  Geeeaed  (H.M.  Inspector  of  Mines.  \Vorsley) 
said  that  the  two  papers  had  come  at  the  right  time  when  people 
were  asking  what  was  the  use  of  rescue-stations,  and  what  was  the 
use  of  fescue-apparatus.  In  the  initiatory  stage  it  was  necessary 
that  they  should  move  with  great  caution,  and  that  was  the  view 
which  he  thought  Mr.  Habershon  had  put  prominently  before 
them.  For  instance,  they  knew  what  use  was  made  of  rescue-appar- 
atus at  Courrieres,  and  how  the  experience  gained  there  had  been 
used  over  and  over  again  as  an  argument  against  rescue- 
apparatus.  True,  a  man  wearing  rescue-apparatu-  had  actually 
lost  his  life  at  Courrieres.  Very  few  knew  the  facts,  or  how  that 
loss  of  life  occurred ;  and  that  if  care  had  been  taken,  the  man 
would  not  have  been  allowed  to  go  into  the  mine  with  the 
apparatus  on.  There  was  a  similar  experience  at  Felling-upon- 
Tyne  in  August,  1907,  when  an  exhibition-demonstration  of 
rescue-apparatus  was  held.  At  the  last  moment,  a  man,  who 
ought  not  to  have  been  permitted  to  wear  the  apparatus,  he  hav- 
ing had  no  previous  experience  of  it.  was  allowed  to  compete 
with  the  wearers  of  other  apparatus,  and  it  was  only  owing  to 
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the  vigilance  of  the  late  Mr.  M.  Walton  Brown  that  the  man  was 
discovered  to  be  in  difficulties.  Mr.  Brown  called  the  attention 
of  a  doctor  to  the  man,  and  had  him  brought  out  of  the  experi- 
mental gallery.  This  doctor  was  not  impressed  with  the  import- 
ance of  the  situation,  and  would  have  permitted  the  man  to 
continue  ;  but  Mr.  Brown  called  in  a  second  doctor,  who,  after 
examining  the  man  carefully  1  ordered  him  to  stop  at  once  and 
to  go  to  bed.  In  a  very  short  time  the  man  was  almost  un- 
conscious. It  was  to  prevent  such  occurrences  as  these  that 
Mr.  Habershon  spoke  so  cautiously.  If  individual  collieries 
would  undertake  to  bestow  requisite  care  upon  the  apparatus  and 
to  keep  them  as  they  ought  to  be  kept,  ready  for  instant  use ;  and 
if  they  would  train  a  staff  of  men,  and  see  that  they  were  constantly 
practising,  then  such  collieries  would  be  on  a  par  with  the 
rescue-station ;  but  how  were  they  going  to  ensure  this  ?  At  the 
present  stage,  much  was  to  be  said  for  Mr.  Habershon's  view, 
and  he  thought  that  they  had  better  bear  with  the  present  ar- 
rangement, even  if  it  took  them  three-quarters  of  an  hour  to  reach 
the  colliery,  and  thereby  have  an  apparatus  which  could  be  de- 
pended upon  not  to  lose  life,  and  men  who  had  experience  to  wear 
it.  Let  them  not  fight  over  details,  but  rather  press  forward  the 
establishment  of  the  best  rescue-station  and  the  best  apparatus, 
extending  their  knowledge  by  the  experience  thus  gained. 

With  regard  to  the  form  which  the  apparatus  should  take,  the 
fight  that  was  now  going  on  in  France  on  this  subject  reminded 
him  almost  of  the  battle  of  the  fans  which  took  place  at  meetings  of 
the  Chesterfield  and  Derbyshire  Institute  many  years  ago.  They 
had  in  mining  practice  often  seen  the  advantage  of  leaving  a  ques- 
tion open  and  not  fixing  cast-iron  regulations  as  to  what  should  be 
used  in  and  about  mines ;  and  he  did  not  think  that  anything  could 
be  said  against  that  point  of  view  in  regard  to  rescue-apparatus. 
Indeed,  he  believed  that  a  great  deal  of  objection  could  be  properly 
taken  to  their  binding  themselves  down  to  one  form  of  apparatus. 

Mr.  Jonathan  Wroe,  in  his  reply,  said  that  the  wooden  frame 
upon  which  the  motor  stood  was  put  down  for  rigidity,  but  it  was 
intended  to  replace  it  by  a  concrete-bed.  As  to  the  cause  of  the  fire, 
he  personally  thought  that  the  overheating  of  wires  was  respon- 
sible. They  had  not  the  slightest  notion  of  allowing  a  man  to  go 
down  the  pit  with  the  apparatus  fitted  on  him  before  he  had  had  a 
thorough  training  at  the  rescue-station,  and  he  thought  that  every 
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person  permitted  to  use  such  apparatus  should  first  be  the  holder  of 
a  certificate  of  efficiency  granted  by  the  officials  at  the  rescue- 
station. 

Sergeant  Winborn  (Tankersley)  said  that  practice  in  an  irre- 
spirable  atmosphere  was  of  the  utmost  importance.  In  the 
training  of  any  number  of  men,  there  was  likely  to  exist  a  certain 
amount  of  rivalry  as  to  the  period  during  which  they  were  able  to 
wear  an  apparatus,  and  as  to  the  amount  of  work  that  they  were 
able  to  perform,  and  one  could  not  always  trust  to  a  man's  sincerity 
in  correctly  wearing  the  apparatus.  It  was  possible  for  a  man 
wearing  an  apparatus  to  arrange  it  so  that  he  was  not  breathing 
the  air  from  the  apparatus  alone,  but  that  of  the  outer  atmosphere 
also.  They  must  guard  against  that,  and  be  sure  that  the  man 
was  wearing  his  apparatus  correctly.  Further,  a  man  would 
never  gain  sufficient  confidence  in  his  apparatus  by  wearing  it 
under  ordinary  atmospheric  conditions.  It  would  merely  be  so 
much  waste  of  oxygen,  etc.  Practising  in  a  noxious  atmosphere 
gave  a  man  confidence  both  in  himself  and  in  his  apparatus,  and 
this  was  what  was  wanted. 

Mr.  Lloyd  seemed  to  imply  that  anyone  wearing  the  Dra?ger 
helmet  could  not  hear  what  was  going  on  around  him. 
This  was  certainly  not  the  case.  The  ears  were  not  encased 
in  the  helmet,  but  were  outside  it.  A  great  advantage  of 
the  helmet,  in  addition  to  natural  respiration,  was  the  fact 
that  men  wearing  it  could  converse  freely.  Concerning  Mr. 
Lloyd's  remarks  that  it  was  of  no  use  protecting  part  of  one's 
person  while  exposing  the  other  (namely,  protecting  the  face  and 
head  and  not  the  arms  and  legs),  he  (Sergeant  Winborn)  con- 
sidered the  protection  of  the  face  to  be  of  more  vital  importance 
than  the  protection  of  other  parts  of  the  person.  For  instance, 
one  would  not  be  seriously  incapacitated  by  a  burn  upon 
the  hands  or  legs,  but  the  same  injury  to  the  face  might  bring 
about  an  immediate  retirement.  In  the  case  of  the  fire  at 
TTharncliffe  Silkstone  collieries,  Mr.  Wroe  had  pointed  out  that 
the  wearers  of  the  apparatus  received  a  few  slight  burns  upon  the 
hands.  This,  however,  did  not  interfere  with  their  work  in 
quelling  the  fire ;  in  fact,  the  burns  were  not  noticed  until  after 
the  task  was  accomplished,  and  the  fire  subdued.  Quite  a  dif- 
ferent tale  might  have  been  told,  had  those  burns  been  received 
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upon  the  face.  It  was  not  a  difficult  matter  to  protect  the  face 
from  injury  from  flames,  but  it  would  render  an  apparatus  ex- 
ceedingly cumbrous  to  afford  similar  protection  to  one's  whole 
person.  A  certain  amount  of  moisture  from  the  wearer's  breath 
did  collect  upon  the  mica  pane  of  the  helmet,  but  this 
was  no  serious  drawback,  as  the  moisture  could  be  easily 
removed  by  means  of  a  sponge  fixed  inside  the  helmet,  although 
manipulated  from  the  outside.  This  appliance  could  also  be 
used  for  the  purpose  of  sponging  one's  eyes  and  face.  The  mica 
pane  was  protected  by  a  wire-guard.  It  must  be  remembered 
that  the  Drsegar  apparatus  did  not  consist  solely  of  the  helmet 
form,  but  was  so  arranged  that  it  could  be  used  in  connection 
with  a  helmet  or  with  a  mouth-breathing  bag,  either  of  which 
could  be  used,  as  desired,  without  any  alteration  to  the 
actual  apparatus.  The  Westphalia  Shamrock  type  of  apparatus 
also  possessed  this  advantage. 

The  further  discussion  of  the  two  papers  was  adjourned. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND  MECH- 
ANICAL ENGINEERS  AND  THE  MIDLAND  COUNTIES 
INSTITUTION  OF  ENGINEERS. 


JOINT  GENERAL  MEETING, 

Held  in  the  General  Lecture  Room,  The    University.  Sheffield, 

April  7th,  1908. 


Mr.  W.  WALKER  (PREsrDE.vr  of  the  Midland  Institute  of  Mining, 
Civil  and  Mechanical  Engineers),  in  the  Chair. 


The  following  gentlemen,  having  been  previously  nominated, 
were  elected  members  of  the  Midland  Institute  of  Mining,  Civil 
and  Mechanical  Engineers. 

Member — 
Mr.  William  Lang,  Electrical  Engineer,  IS,  Louis  Street,  Chapeltown,  Leeds. 

Students  — 

Mr.  Wilfred  Spencer  Ellis.  Mining  Pupil,  Nostell  Colliery,  near  Wakefield. 
Mr.  George  Forster,  Colliery  Pupil,  Hope  Villa,  Highgreen.  near  Sheffield. 


The  following  gentlemen,  having  been  previously  nominated, 
were  elected  members  of  The   Midland  Counties  Institution  of 

Engineer?  :  — 

Members  — 
Mr.  Hubert  Ormond   Bishop,    Colliery   Manager,    Nuttall's    Park,    Ripley, 

Derby. 
Mr.  Daniel  Davies,  County  Mining  Lecturer,  45,  Broniestyn  Terrace,  Aber- 

dare,  South  Wales. 
Mr.  Charles   Maxted    Haslvm.  Mining   Engineer,  Pentrieh   Colliery,  near 

Alfreton. 
Mr.  Grant  Frederick  Guest  Scott.  Chief  Mining  Engineer,  The  Bengal  Coal 

Company,  Limited,  5,  Fairlie  Place,  Calcutta,  India. 

Associate  — 
Mr.  William  L.  Reid,  Draughtsman,  Woodthorpe,  Norbriggs.  Chesterfield. 

Students- 
Mi-.  Shirley  Onslow  Limbv,  Assistant    Manager,  c  o  Messrs.    Atkinson    & 
Dallas,  4,  Peking  Road,  Shanghai,  China. 
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Mr.  Horace  Shackleton,  Mining   Student,    London   Road, .  Coalville,    near 

Leicester. 
Mr.  Percival  Richard  Smith,  Mining  Pupil,  Manners  Colliery,  Ilkeston. 
Mr.  Thomas  Wharton,  Assistant    Manager,  Netherton    House,   Glapwell, 

Chesterfield. 
Mr.  William  Robert  Wilson,  Mining  Pupil,  Tuxford  Hall,  Tuxford,  near 

Newark. 


The  Chairman  (Mr.  W.  Walker)  congratulated  Prof.  R.  A.  S. 
Redmayne  on  his  appointment  to  the  post  of  Chief  Inspector  of 
Mines,  and  hoped  that  he  might  have  health  and  strength  to  per- 
form satisfactorily  the  duties  appertaining  to  his  new  office. 

Mr.  G.  J.  Binns  (Derby),  on  behalf  of  The  Midland  Counties 
Institution  of  Engineers,  joined  in  the  congratulations. 

Prof.  R.  A.  S.  Redmayne  suitably  replied. 


Mr.  W.  H.  Pickering  read  the  following  paper  on  "Fence- 
gates  for  Pit-cages  "  :  — 
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FEXCE-GATES    FOR    PIT-CAGES. 


By  W.  H.  PICKERING. 


A  prejudice,  which,  the  writer  admits  he  shared  for  many 
years,  against  fencing  the  ends  of  pit-cages  has  been  common 
to  mining  engineers  and  working  miners.  The  attrition  of  time 
and  of  changed  conditions  appears  to  be  slowly  removing  that  pre- 
judice, and  the  moment  seems  to  have  arrived  when  the  question 
can  be  profitably  discussed  by  this  Institute.  The  question  is 
not  so  simple  as  it  appears  on  the  surface,  for  it  covers  many 
debatable  points  upon  which  it  is  desirable  that  the  fresh  air 
of  discussion  should  blow. 

Recently,  the  writer  issued  a  semi-official  circular  to  the 
Yorkshire  mine-owners,  suggesting  that  attention  should  be 
given  to  fencing  the  ends  of  cages.  The  result  has  been  that 
in  many  cases  more  or  less  satisfactory  gates  have  been  fixed, 
but  public  opinion  is  by  no  means  unanimous.  The  writer  has 
made  enquiries  from  other  districts,  and  finds  that  although  bars 
and  chains  are  used  in  many  instances,  gates  are  very  excep- 
tional. In  some  districts,  fences  of  any  description  at  the  ends 
of  the  cages  are  almost  unknown.  Most  attention  seems  to  have 
been  paid  to  the  subject  in  the  Yorkshire,  Derbyshire,  and 
Nottingham  coal-field,  of  which  Sheffield  is  the  centre. 

The  senior  inspectors  of  mines  are,  perhaps,  in  the  best  posi- 
tion to  give  opinions  on  the  subject,  and  it  is  somewhat  embar- 
rassing to  find  that  they  disagree.  Two  extracts  from  recent 
official  reports  may  be  given.  Mr.  J.  B.  Atkinson,  in  his  annual 
report  for  the  year  1904,  writes  as  follows: — * 

"In  connection  with  accidents  Nos.  23  and  24  there  was  some  discussion 
at  the  inquests  (which  were  held  by  different  coroners  and  juries)  as  to  the 
desirability    of    closing    the    ends    of    cages    while    2:er3ons    are    ascending    or 

*  Report  of  Mr.  J.  B.  Atkinson,  II.  M.  Inspector  of  Mines  for  the  Newcastle 
District  (No.  S),  to  His  Majesty's  Secretary  of  Statt  for  the  Home  Department, 
under  the  Coal-mines  Regulation  Acts,  1887  to  1896,  the  Metalliferous-mines  Regula- 
tion Act*,  1872  and  1875,  and  tin  Quarries  Act,  1894,  for  'he  Year  1904,  page  17, 
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descending,  and  one  of  the  juries  added  a  rider  to  their  verdict  recommend- 
ing the  adoption  of  such  a  precaution.  I  brought  the  matter  before  my 
colleagues  at  our  annual  meeting  in  May  last,  but  it  did  not  appear  that  it 
is  at  all  a  general  custom  in  any  district  to  close  the  ends  of  cages,  although 
it  is  done  at  a  few  collieries.  Very  few  accidents  happen  to  persons  ascend- 
ing or  descending  shafts  in  cages,  and  as  it  is  very  probable  that  the  general 
adoption  of  doors  or  gates  would  lead  to  son:e  accidents,  I  am  not  prepared 
to  recommend  their  use." 

Mr.    A.    H.    Stokes,    commenting'   on   shaft-accidents    in   his 

annual  report  for  the  year  1905,  says  :  — * 

"It  is  absolutely  necessary  that  all  cages  should  be  fenced  at  both  ends 
when  men  are  riding,  and  such  fence  should  be  rigid  and  not  likely  to  give 
way  upon  being  slightly  moved  during  the  ascent  or  descent  of  workmen. 
There  are  several  ways  of  doing  this,  some  ingenious  and  effective,  others 
not  so  satisfactory.  So  far  as  I  know,  every  cage  in  the  district  uses  a 
fence  when  men  ride,  and  I  trust  this  accident  will  bring  before  all  managers 
the  importance  of  not  adopting  a  fence  which  may  be  moved  by  any  slight 
oscillation  or  movement  of  men  when  riding  in  the  shaft,  but  that  a  rigid 
bar  is  adopted  which  may  not  be  accidentally  released  during  the  progress 
of  men  through  the  shaft." 

Substantial  gates  at  the  ends  of  cages  would  undoubtedly 
have  directly  saved  lives  during  the  past  few  years. 

The  following  cases  of  fatal  accidents  are  taken  from  the 
annual  reports  of  H.  M.  Inspectors  of  Mines  :  — 

Year  1902. — One  man  was  thrown  out  of  the  cage  when  it  was  suddenly 
raised. 

Two  men  were  thrown  down  the  shaft  through  the  cage  leaving  the 
guides  and  tilting. 

One  man  fell  from  the  cage  whilst  ascending. 

A  man,  who  had  complained  of  feeling  ill,  fell  from  the  cage,  whilst 
ascending. 

One  man  was  crushed,  through  jumping  from  the  cage  before  it  reached 
the  flat-sheets. 

A  youth  fell  from  the  cage  when  ascending  with  nine  other  persons;  he 
occupied  the  outside  position. 

One  man  was  thrown  down  the  shaft,  owing  to  the  cage  catching  the 
landing  of  a  mid-inset. 

Five  men  were  thrown  down  the  shaft,  owing  to  the  cage  striking  an  iron 
girder. 

Year  1903. — One  man  was  killed,  through  jumping  from  the  cage  in  a 
panic. 

One  man  fell  from  the  cage  when  ascending  alone. 

One  man  was  thrown  down  the  shaft,  owing  to  the  ascending  cage  strik- 
ing the  landing  of  a  mid-inset. 

*  Reports  of  Mr.  Arthur  H.  Stokes,  H.M.  Inspector  of  Mint*  for  the  Midland 
District  ( No.  S ),  to  His  Majesty's  Secretary  or'  State  for  the  Home  Department, 
under  the  Coal-mines  Regulation  Art*,  1SS7  to  1896,  the  Metalliferous-mines  Regula- 
tion Acts,  1872  and  1875,  and  the  Quarru  -  Art,  1894,  for  the  Year  1905,  page  19. 
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A  manager  and  under-manager  were  thrown  out  of  the  ascending  cage 
during  a  collision  in  mid-shaft. 

A  descending  cage,  containing  twenty-eight  persons,  struck  an  iron 
girder.     Two  persons  were  thrown  down  the  shaft. 

One  man  fell  down  a  shaft,  owing  to  the  cage  tilting. 

Year  1904- — One  man  fell  from  the  cage  whilst  ascending,  after  com- 
plaining of  illness.  The  jury  in  their  verdict  recommended  gates  for  the 
ends  of  cages. 

One  man  fell  from  the  cage  whilst  ascending  with  others;  he  occupied 
the  outside  position. 

A  panic  occurred  in  a  cage  in  which  twelve  persons  were  riding.  Two 
jumped  out,  and  were  killed. 

A    master    wasteman    was    killed    whilst    ascending    alone. 

A   deputy   fell   from   the   cage   whilst    ascending   alone. 

One  man  was  thrown  out  of  the  cage  when  descending  a  shaft  with  five 
others,  the  cage  having  struck   a   bearer. 

One  man  stepped  off  the  cage  at  a  mid-inset,  and  fell  down  the  shaft. 
He  probably  thought  that  he  had  reached  the  shaft-bottom. 

Six  men  were  descending  when  the  cage  left  the  guides,  tilted,  and 
threw  three  of  the  occupants  down  the  shaft. 

One  man  was  crushed  when  attempting  to  enter  the  cage  after  it  had 
left   the   surface. 

One  man  was  crushed  when  attempting  to  enter  the  cage  as  it  was 
leaving   the   pit-bottom. 

One  man  fell  from  the  cage  whilst  ascending,  after  feeling  unwell. 

Year  1905. — One  man  fell  from  the  cage  whilst  ascending  with  seven 
others. 

A  man,  who  was  supposed  to  have  fainted,  fell  from  an  ascending  cage. 

One  man  fell  from  the  ascending  cage. 

One  man  fell  from  the  descending  cage.  The  jury  in  their  verdict 
recommended  the  use  of  protective  gates. 

One  man   fell   from   the  cage   whilst   ascending. 

One  man  jumped  out  of  the  ascending  cage  in  a  panic. 

Year  1906. — One  man  was  crushed  whilst  descending  a  shaft. 

One  man  was  thrown  out  and  another  crushed  when  a  descending  cage, 
containing  thirteen  persons,  was  jerked  and  improperly  run  by  the  engine- 
man. 

One  man  was  crushed  by  stepping  off  the  cage  by  mistake  before  it 
reached  the  surface. 

One  man,  who  was  subject  to  fits,  fell  from  the  cage  in  which  he  was 
riding  with  several  others. 

One  man  was  killed  when  attempting  to  enter  a  moving  cage  at  the 
pit-bottom. 

Two  men  jumped  from  a  cage  in  a  panic.  The  cage  containing  twenty- 
two   persons  had  just  left  the   pit-bottom. 

One  man  fell,  or  jumped,  from  a  cage  in  which  he  was  being  raised  with 
four  others. 

One  man  fell  from  the  cage  when   ascending  with   four  others. 

The  writer  lias  considered  it  advisable  not  to  give  any  in- 
stances for  the  year  1907,  as  the  full  reports  of  the  accidents 
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are  not  yet  published,  but  a  glance  at  the  following  table  will 
show  that  there  is  a  bad  record  for  that  year. 

Number  of  Deaths  from  Shaft-accidents  during  the  Years 
1902  to  1907  Inclusive. 


Year. 

1902 
1903 
1904 
1905 
1906 
1907 


Total 
Deaths 

102 

69 

82 
65 
68 
97 


Deaths 
whilst  Ascending 
or  Descending. 

21 

20 

26 

13 

13 

36 


Total  ...  4S3  ...  129 

The  loss  of  life  whilst  ascending  or  descending  is  small  when 
the  large  number  of  cage-journeys  necessary  to  raise  and  lower 
the  underground  workers,  who  numbered  662,901  in  1902,  and 
757,887  in  1907,  is  considered.  If  allowance  be  made  for  the 
persons  who  walk  in-bye  by  drifts,  and  for  those  off  work,  perhaps 
500,000  will  remain  who  are  raised  and  lowered  in  cages  daily. 
If  eight  be  taken  as  the  average  cage-load,  we  arrive  at  the  figure 
of  over  60,000  double-cage  journeys  a  day. 

In  the  opinion  of  the  writer,  the  time  is  arriving  when  danger 
in  shafts  will  increase  very  seriously,  unless  steps  be  taken  to 
meet  the  changed  conditions.  Every  intelligent  observer  will 
admit  that  the  rapid  means  of  communication  throughout  the 
world  have  changed  the  conception  of  what  is  the  right  aspect 
from  which  to  regard  human  effort.  This  change  has  been  gradu- 
ally taking  place  for  a  generation,  but  lately  has  ripened  some- 
what suddenly.  Whether  we  like  it  or  not,  we  have  reached  a 
time  when  hurry  and  compression  of  work  into  the  least  possible 
time  is  to  be  the  order  of 'the  day.  In  the  opinion  of  the  writer, 
this  is  no  passing  phase,  but  is  one  of  those  social  upheavals 
which  permanently  changes  the  conditions  of  life  throughout 
the  civilized  world  from  time  to  time,  and  is  the  logical  sequence 
of  rapid  means  of  communication.  The  change  is  not  confined 
to  mining,  nor  to  England  :  it  is  common  to  nearly  all  occupations 
and  to  the  countries  where  white  races  work,  and  even  Asiatics 
are  beginning  to  move  in  the  same  direction.  Such  being  the 
general  conditions,  their  effect  upon  the  subject  under  discussion 
may  be  considered.  New  and  modernized  collieries  are  being 
■equipped  with  more  powerful  engines,  high-pressure  boilers,  and 
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large  cages.  Every  effort  will  have  to  be  made  to  get  men 
quickly  to  and  from  their  work.  Already  there  are  instances 
where  eighty  men  ride  in  the  shaft  at  one  time,  and  at  a  speed 
of  40  miles  an  hour.  Under  such  conditions,  a  single  man 
falling  from  the  cage  might  cause  a  disastrous  accident  to  all  the 
men  in  the  shaft,  the  cause  of  which  might  never  be  made 
clear. 

The  writer  is  in  favour  of  allowing  a  large  number  of  men 
to  be  raised  together,  for  although,  theoretically,  there  will  be 
the  same  average  risk  over  a  number  of  years,  whether  the  men 
are  raised  by  tens  or  by  twenties  in  a  cage,  still  the  larger 
number  allows  less  margin  for  human  error.  With  a  larger 
number  in  a  cage,  there  is  more  time  to  get  the  men  up  and 
down  the  pit,  there  is  necessarily  more  deliberation  in  marshall- 
ing them  in  the  cage,  and  the  engineman,  banksman,  and  on- 
setter  have  more  time  to  realize  what  they  are  doing.  Effective 
cage-gates  will  allow  more  men  to  be  safely  raised  at  one  time, 
and  will  ensure  proper  order  at  the  pit-top  and  pit-bottom. 

The  safety  of  property  is  also  well  worth  consideration.  There 
are  no  records  of  accidents  which  cause  no  personal  injury  or 
loss  of  life ;  but  there  are  few  mining  men  who  could  not  give 
instances  of  very  serious  damage  to  shafts  and  equipment  by 
tubs  falling  from  the  cages.  Gates  in  certain  cases  can  be  de- 
signed so  as  to  help  to  prevent  such  accidents.  The  writer  sub- 
mits that  an  ideal  gate  should  (1)  be  automatic,  (2)  be  simple  in 
action  and  construction,  (3)  be  of  use  when  coal  is  being*  drawn, 
(4)  have  no  projections  into  the  shaft,  (5)  be  incapable  of  opening 
outwards  into  the  shaft,  and  (6)  be  a.ble  to  stand  the  impact  of  a 
collision. 

The  writer  is  aware  that  it  is  quite  impossible  to  devise  a 
gate  to  suit  all  cages.  In  some  cases  a  simple  arrangement  of 
fencing  worked  by  hand  will  be  sufficient ;  in  others,  more 
elaborate  automatic  gates  are  desirable.  The  gates  should  be 
made  to  fit  the  conditions,  and  not  the  conditions  to  fit  the  gates. 

Mining  engineers  have  not  made  sufficient  use  of  the  back- 
shafts  or  second  outlets.  The  Coal-mines  Regulations  Acts 
require  that  apparatus  for  raising  or  lowering  men  shall  be  kept 
at  such  shafts,*  but  in  many  cases  such  apparatus  is  of  a  make- 

*  Coal-mines  Regulation  Acts,  1887-1896,  section  16,  sub-section  1(c). 
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shift  description,  and  is  useless  except  for  emergency-riding. 
Attention  might  reasonably  be  given  to  these  shafts,  for  in  many 
cases  it  would  pay  to  equip  them  with  proper  engines  and  cages 
for  raising  and  lowering  the  men  daily.  The  provision  of  satis- 
factory gates  for  cages  used  exclusively  for  raising  or  lowering 
men  is  comparatively  simple. 

To  summarize,  the  writer  is  of  opinion  that  cage-gates  should 
be  provided  for  the  following  reasons :  — 

(1)  To  meet  the  different  conditions  of  work  into  which  we 
are  passing. 

(2)  To  prevent  persons  falling  from  cages  from  illness,  panic, 
collisions,  or  hurry. 

(3)  To  prevent  disorder  and  confusion. 

(4)  To  enable  more  persons  to  be  raised  safely  each  journey. 

(5)  To  prevent  damage  to  the  shaft  and  shaft-fittings  by  tubs 
falling  from  the  cages. 

The  appendix  attached  to  the  paper  contains  brief  descrip- 
tions of  several  of  the  fence-gates  exhibited  at  the  meeting. 


Appendix. — Descriptions  of  Various  Fence-gates  foe  Pit-cages. 

The  Chambers  Automatic  Fence-gates  (figs.  1,  2,  and  3,  plate  xi.). — This 
arrangement  consists  of  a  number  of  bars,  which  are  automatically  lowered  as 
the  cage  leaves  either  the  pit-bottom  or  the  top  by  a  combination  of  levers  and 
pulleys  actuated  by  the  arm,  A,  engaging  with  au  inclined  fixed  girder,  G  (fig. 
1).  The  bars  are  automatically  raised  when  the  cage  is  at  the  landings. 
Fig.  1  is  a  side  elevation,  whilst  figs.  2  and  3  show  respectively  the  cage  closed 
and  open. 

The  Powner  "Ideal"  and  "Simplex"  Safety-gates. — The  "Ideal"  safety- 
gate  (figs.  4  and  5,  plate  xi.)  consists  of  a  collapsible  gate,  fixed  upon  the  ends  of 
the  pit-cages,  which,  when  in  service,  forms  an  absolute  guard  against  the 
miners  falling  from  the  cage,  and,  when  out  of  service,  occupies  so  small  a  space 
at  the  top  of  the  cage-opening  as  to  offer  no  obstruction  when  trucks,  corves,  or 
wagons  are  being  raised  to  the  pit-mouth.  A  skeleton  framework  is  em- 
ployed, consisting  of  mild  steel  channel  uprights  and  cross-piece,  secured  at 
the  four  corners  of  the  cage,  the  channel  forming  the  guide  in  which  the 
collapsible  gate  works.  The  gates  are  made  of  the  best  mild  steel;  the 
horizontal  bars  or  pickets  are  formed  of  two  channels  facing  each  other, 
joined  with  cross-pieces,  leaving  room  for  the  lattice  to  work  between.  The 
descent  of  the  respective  pickets  and  other  members  of  each  section  is 
limited  by  an  arrangement  of  stud-connections  between  the  trellis-bars,  and 
pickets,  or  picket-bars;  the  studs  being  so  arranged  as  to' provide  for  move- 
ment of  the  parts  as  the  gate  is  set  to  its  service,  or  out-of-service,  position. 
The  ends  of  some  of  the  picket-bars  which  work  up  and  dowu  in  the 
channel  of  the  upright  or  guide-bars  are  fitted  with  rollers  to  facilitate  the 
raising  and  lowering  of  the  guard.     A  few  of  the  advantages  claimed  for  this 
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gate  are :  — (1)  its  perfect  simplicity  in  make  and  action ;  (2)  its  compactness 
when  out  of  service,  the  width  of  the  lattices  when  held  by  the  catch  at  the  top 
being  only  about  3i  inches;  and  (3)  its  adaptability  to  any  pit-cage,  no  locking 
arrangements  being  required.  There  are  no  intricate  working-parts  to  get  out 
of  order  by  clogging,  etc.,  and  no  skilled  laboiir  is  required  to  work  the  gate.  It 
can  be  opened  or  closed  easily  from  either  the"  inside  or  the  outside  of  the  cage 
by  a  man  or  a  youth,  as  its  total  weight  to  lift  is  only  about  15  pounds.  The 
catch  at  the  top  is  so  arranged  that  when  the  gate  is  pressed  to  its  out-of-service 
position,  it  aiitomatically  catches  a  stud  on  the  bottom  picket,  and  is  held  there. 
It  is  just  as  easily  released  when  it  falls  by  its  own  weight  into  its  service  posi- 
tion ;  when  within  8  or  9  inches  from  the  ground,  it  comes  into  contact  with 
a  spring  fixed  in  the  channel  of  the  guide-bars  on  either  side  to  take  the  dead- 
weight of  the  fall  and  to  prevent  the  gate  clashing.  It  is  quite  strong 
enough  to  form  an  absolute  guard  against  any  person  falling  from  the  cage. 

The  "Simplex"  safety-cage  (figs.  20,  21,  and  22,  plate  xii.)  is  specially  con- 
structed for  use  in  pit-cages  which  have  corve-catches  fixed  at  the  side  and 
where  the  only  framework  to  which  the  guard  can  be  fixed  is  at  the  top  of  the 
cage.  The  framework  is  composed  of  two  slides  formed  of  steel  channels  fixed 
to  the  upper  portion  of  the  cage.  The  gate  is  made  of  horizontal  bars,  i  inch  in 
diameter,  placed  about  9  inches  apart,  riveted  to  flat  bars  forming  the  slide- 
bars,  and  hinged  on  studs  at  each  side  and  on  the  top  of  the  gate,  with  a  lock 
placed  in  "an  accessible  position  to  secxire  the  gates  when  in  service-position 
and  when  out  of  service-position. 

The  Gill  Collajysible  Fence-gate  (figs. 6, 7,8,9, and  10, plate xi.). — These  gates 
may  be  worked  either  by  hand  or  automatically.  When  manipulated  by  hand, 
and  men  are  about  to  enter  the  cage  at  the  surface,  the  banksman  draws  up  the 
gate  by  means  of  the  handle  and  chain,  J  (figs.  6  and  7).  In  this  position  they  are 
securely  held  by  the  ratchet  wheel,  K,  and  pawl,  L  (fig.  6).  As  soon  as  the  men 
have  entered  the  cage,  the  pawl,  L,  is  lifted,  when  the  gates  fall  into  the  posi- 
tion shown  in  fig.  7.  If  necessary,  a  small  band-brake,  .1/  (figs.  6  and  7),  may 
be  attached  to  the  pawl,  L  (fig.  6)  to  steady  the  gates  in  falling.  When  the  cage 
with  its  complement  of  men  arrives  at  the  landing  at  which  the  men  are  to 
alight,  and  the  cage  is  about  1  foot  from  its  stopping-place,  the  handle  and 
chain,  J,  come  within  reach  of  the  onsetter,  who,  by  the  means  before  des- 
cribed, raises  the  gates  while  the  cage  comes  to  rest,  ready  for  the  men  to 
walk  out  of  it.  If  the  cage  is  returned  to  the  surface  empty,  the  gate  is 
left  in  the  open  position,  and  only  closed  by  the  banksman  after  reaching 
the  surface,  and  again  loaded  with  men.  When  winding  coal,  the  gates  are 
open  and  rest  on  bolts,  BR  (fig.  6),  to  relieve  the  stress  on  the  working 
parts  of  the  gates.  When  manipulated  automatically,  the  shaft,  X,  of  the 
roller,  H  (fig.  8),  passes  through  the  cage-side;  secured  to  it  is  a  wheel, 
0,  which  on  approaching  a  landing  comes  into  contact  with  a  balanced 
rubber,  P,  fixed  to  the  guider  or  a  frame  at  each  landing  (figs.  9  and  10), 
which  forces  the  wheel  to  revolve  and  wind  up  the  gate.  As  soon  as  the 
cage  starts  on  its  return  journey,  the  action  of  the  roller  is  reversed,  thus  clos- 
ing the  gate.  In  case  of  an  overwind,  the  gate  closes  automatically  as  soon  as 
the  cage  gets  about  2  feet  too  high,  but  the  distance  may  be  regulated  as 
required.  Should  it  be  desirable  to  close  the  gate  before  withdrawing  the 
fallers,  or  before  the  cage  leaves  the  pit-bottom  or  any  landing,  this  may  be 
done  by  drawing  back  the  balanced  rubber  with  the  rope  or  lever,  .5'  (figs. 
9  and  10),  when  the  gate  falls  into  the  closed  position.  To  prevent  gates  oj>  n- 
ing  and  closing  when  passing  intermediate  landing  places,  the  balanced  rub- 
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bers  are  fastened  back  by  means  of  a  catch;  but  when  the  cage  is  required  to 
stop  at  any  particular  landing,  the  rubbers  at  that  landing  are  released,  thus 
putting  them  into  action,  opening  and  closing  the  gates  as  desired. 

The  Botterill  Automatic  Pit-cage  Gate  (figs.  11,  12,  13,  and  14,  plate  xi.). — 
This  gate  is  built  of  strong  block-link  chains,  D  (fig.  11),  working  in  shallow 
grooves  fixed  close  to  the  inside  of  the  cage  at  either  sides,  and  rods  or  pipes, 
E  (fig.  14),  are  fixed  to  the  block  chain  about  8  inches  apart,  so  as  to  form  a 
strong  barrier,  flexible  in  one  direction  and  somewhat  similar  to  a  roller- 
shutter:  The  shallow  slides  extend  round  a  quarter  of  a  circle  at  the  top 
and  straight  on  under  the  inside  of  the  roof  of  the  cage,  so  that  when  the 
gate  is  lifted  by  the  motion  it  passes  up  vertically,  then  round  the  curve  to 
a  horizontal  position,  thus  being  out  of  the  way.  At  a  convenient  point,  a 
horizontal  shaft  is  fixed  just  under  the  gate-slides,  carrying  two  sprocket- 
pinions,  A  A,  inside  the  cage,  which  latter  engaged  with  the  block  chain  of  the 
gate,  and  on  the  outside  of  the  cage  another  sprocket-wheel  is  keyed  on 
to  the  same  shaft.  Vertically  underneath  the  outside  sprocket-wheel,  is 
another  idle  sprocket-wheel,  C  (figs.  13  and  14),  and  around  these  two  wheels 
the  roller-chain  runs;  on  this  chain  four  projecting  arms  are  attached  in  such  a 
position  that  two  will  engage  with  a  fixed  stop-pin  for  opening  and  closing  the 
gate  when  the  cage  arrives  at  the  surface,  the  other  two  arms  performing  the 
same  service  when  the  cage  arrives  at  the  bottom  of  the  pit.  The  action  of  the 
gate  is  such  that  when  the  cage  is  level  or  above  the  surface,  the  gate  is  up  and 
out  of  the  way;  as  soon  as  the  cage  commences  to  descend,  the  upper  arm 
on  one  side  of  the  roller-chain  engages  with  the  stop-pin,  and  as  the  cage 
travels  it  causes  the  roller-chain  to  revolve  the  sprocket-wheels,  thus  winding 
the  gate  down  and  closing  the  ends  of  the  cage.  When  the  cage  has  nearly 
reached  the  bottom,  the  upper  arm  on  the  other  side  of  the  roller-chain 
engages  with  a  fixed  stop-pin  and  winds  the  gate  up  again.  As  the  cage 
ascends,  the  lower  arm  shuts  the  gate  and  the  lower  arm  at  the  other  side 
of  the  chain  opens  it  again  at  the  top.  A  wooden  block  shod  with  iron  is 
fixed  between  the  two  sprocket-wheels  to  prevent  the  chain  from  sagging, 
and  the  idle  sprocket-wheel  near  the  bottom  of  the  cage  has  an  adjusting 
motion  to  take  up  any  stretch  in  the  chain.  One  set  of  outside  motion  can 
be  made  to  work  two  gates,  either  on  the  same  deck  or  below.  When  it 
is  desired  to  take  down  props  or  timbers,  the  two  slides  under  the  roof  of  the 
cage  are  hinged  on  the  sprocket-wheel  shaft,  and  can  be  lowered  into  a 
vertical  position,  and  then  the  gate  hangs  down;  as  the  timbers  are  drawn 
out  of  the  cage,  they  can  slide  under  the  gate,  which  can  assume  any  angle 
desired  to  facilitate  the  work ;  or  two  or  three  of  the  cross-rods  can  be  made  in 
such  a  manner  that  they  can  be  easily  removed  to  allow  the  timbers  to  be  passed 
through  the  gate  when  it  is  up  and  the  gate  can  be  disengaged.  Where  it  is 
desirable  to  throw  the  gate  out  of  gear,  the  stop-pins  can  be  connected  together 
with  levers  and  a  wire,  and  thus  allow  the  gate  to  remain  up.  In  some  cases, 
especially  where  the  cage  has  a  V-roof,  the  gate  can  come  up  from  underneath 
the  bottom,  the  whole  motion  being  reversed.  Where  it  is  not  considered 
advisable  to  work  the  gate  automatically,  it  can  easily  be  worked  by  hand.  By 
increasing  the  diameter  of  the  gate  sprocket-wheels  and  reducing  the  size  of 
the  outside  driving-wheel  and  idle  wheel,  the  gate  can  be  made  to  travel  faster 
than  the  speed  of  the  cage,  and  thus  close  the  cage-end  almost  at  the  moment 
when  the  cage  moves  from  the  floor-level. 

The  Wilde  &  Petrie  Cage-gate  (figs.  15  to  19,  plate  xii.). — On  the  top  of  the 
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cage  is  fixed  a  shaft,  on  which  are  mounted  drums  of  varying  diameter,  the 
number  varying  according  to  the  number  of  bars  constituting  the  fence  or 
gate.  On  one  end  of  this  shaft  is  a  pinion-wheel,  which  gears  into  fixed 
tooth-racks  at  the  top  and  bottom  of  the  pit-shaft.  In  the  case  of  the  cage 
approaching  the  pit-top  or  the  pit-bottom,  the  pinion-wheel  comes  into  gear 
with  the  toothed  rack,  and  thereby  the  drums  on  the  shaft  are  caused 
to  rotate.  Attached  to  these  drums  are  flexible  ropes,  passing  over  pulleys 
at  the  ends  of  the  cage,  on  which  ropes  the  bars  forming  the  fence  are 
suspended.  As  all  the  drums  commence  to  rotate  at  the  same  time,  it  is 
evident  that  each  of  the  bars  forming  the  fence  commences  to  lift  at  the 
same  time,  so  that  there  is  no  danger  of  anyone  who  is  riding  in  the  cage 
getting  trapped  between  the  bars,  whilst  owing  to  the  different  diameters  of 
the  drums  the  whole  of  the  bars  forming  the  feuce  arrive  at  the  top  at  the 
same  time.  In  case  the  cage  goes  too  far,  and  is  taken  up  into  the  headgear, 
provision  is  made  by  means  of  a  second  rack  to  reverse  the  direction  in  which 
the  pinion-wheel  is  revolving,  so  that  the  fence  is  automatically  lowered. 
To  ensure  the  pinion-wheel  gearing  accurately  with  the  toothed  racks  at  the 
top  and  bottom  of  the  pit-shaft,  there  is  a  flat  on  the  drum-shaft  upon  which 
a  stiff  spring  acts.  This  ensures  the  drum-shaft,  and  consequently  the  pinion- 
wheel,  being  in  the  exact  position  to  enable  the  rack  and  pinion  to  come  into 
gear  with  absolute  accuracy  each  time. 

The  Richardson  Cage-gates  (fig.  23,  plate  xii.). — This  fence,  which  is  in  use 
at  the  Barrow  collieries,  consists  of  three  horizontal  bars,  A,  sliding  on  vertical 
rods,  B,  provided  with  steps  at  suitable  distances.  The  vertical  rods  are 
hinged  at  the  top  so  that  they  may  be  raised  to  the  top  of  the  cage  carrying 
the  horizontal  bars  with  them,  and  secured  there  with  a  bolt  when  the  fence  is 
not  required.  When  the  fence  is  in  use,  the  vertical  rods  fall  into  slots  at  the 
cage-bottom,  and  are  secured  with  small  vertical  bolts.  This  fence  is  worked 
by  hand,  and  is  not  intended  to  be  used  when  coal  is  being  drawn. 

The  Houghton  Fence-gate. — A  description  of  this  gate,  with  illustrations,  has 
already  appeared  in  the  Transaction.* 

The  Soilings  Tub-controller  or  Loch-catch. — This  is  specially  adapted  for 
pit-cages.  The  corves  are  secured  by  a  catch  which  engages  the  axle  of  the 
corves.  The  lock  is  connected  to  a  bar-lever,  which  is  automatically  locked, 
thus  being  doubly  secure  and  preventing  the  release  of  the  tubs  by  vibration. 
When  applied  to  landings,  etc.,  a  hand-lever  is  added,  which  is  arranged  to 
lock  itself,  to  guard  against  the  danger  of  its  being  left  out  of  action.  Any 
one  corf,  or  any  number  of  corves,  can  be  secured  or  released  at  will. 


The  Chairman*  (Mr.  TVr.  Walker)  said  that  most  of  the  members 
either  did  not  approve  of  cage-gates  at  all  or  were  just  beginning  to 
believe  in  them.  He  had  for  some  time  thought  that  there  should 
be  some  protection  against  men  falling  out  of  cages,  as  he  had  in 
his  official  capacity  investigated  many  cases  where  men  or  boys  had 
taken  a  fit,  or  from  some  other  cause  had  fallen  out  of  the  cage,  and 
been  killed.  With  any  of  the  arrangements  that  had  been  des- 

*   Trans,  hist.  M.  E.,  1907,  vol.  xxxiv.,  pages  326  to  32S. 
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cribed,  this  would  not  be  possible.  Referring  to  the  extract  from 
Mr.  -J.  B.  Atkinson's  report  alluded  to  by  the  writer  of  the  paper,  he 
(Mr.  Walker)  thought  that  probably  what  Mr.  Atkinson  meant  was 
that  he  did  not  believe  in  the  ends  of  cages  being  absolutely 
closed  up.  Such  an  arrangement  would  be  the  greatest  possible 
mistake.  It  had  been  argued  that  cage-gates  would  seriously 
handicap  the  output  of  a  colliery,  but  he  thought  that  there  were 
gentlemen  present  at  that  meeting  who  were  actually  using  gates, 
and  who  would  tell  them  that  such  was  not  the  case,  particularly 
if  automatic  gates  were  used.  By  the  adoption  of  automatic 
gates,  it  had  also  been  found  out  that  certain  irregularities  oc- 
curred in  the  shafts  of  which  they  were  not  before  aware.  Long 
timber,  for  instance,  damaged  the  gates.  In  the  old  days  it 
probably,  unknown  to  anyone,  caused  damage  to  the  fittings  of 
the  shaft,  and  from  that  point  of  view  alone  the  advent  of  gates 
was  perhaps  a  blessing  in  disguise.  He  moved  a  vote  of  thanks 
to  Mr.  Pickering  for  his  admirable  paper,  as  also  to  the  gentlemen 
who  had  so  kindly  explained  the  working  of  the  models  of  the 
cage-gates  exhibited  at  that  meeting. 

Mr.  John  Gerhard  (H.M.  Inspector  of  Mines,  Worsley) 
seconded  the  vote  of  thanks 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines,  Derby)  said  that 
it  was  curious  how,  on  looking  at  what  one  had  written  several 
years  ago,  one  often  was  inclined  to  find  fault  with  it.  The  last  line 
but  one  in  the  quotation  which  Mr.  Pickering  had  given  from 
one  of  his  (the  speaker's)  reports  might  give  a  wrong  impression. 
When  he  wrote  the  words  "but  that  a  rigid  bar  is  adopted,''  he 
did  not  mean  a  single  bar,  but  a  rigid  fence. 

With  regard  to  fences  generally,  he  did  not  retract  a  single  word 
contained  in  his  report  for  1905.  When  a  number  of  men  were 
riding  in  a  cage,  it  was  imperative  that  there  should  be  a  fence ; 
but  it  appeared  to  him,  from  what  he  had  seen  in  the  models  on 
view,  that  the  fence  should  be  made  effective  before  the  cage 
began  to  move,  and  that  it  should  not  begin  to  be  opened  before 
the  cage  was  brought  to  a  standstill.  The  movement  of  the 
fence  during  the  transit  of  the  men  was  objectionable;  and  he 
suggested  that  one  of  the  most  effective  fences  at  the  present 
time  was  one  constructed  on  the  principle  of  an  ordinary  hotel- 
lift  fence,  working  either  vertical^  or  horizontally. 
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Mr.  Roslyn  Holiday  (Ackton,  Hall  Colliery)  said  that  one  point 
upon  which  colliery-proprietors  and  inspectors  had  been  unani- 
mous was  that  gates  should  be  made  to  fit  the  conditions,  and  not 
the  conditions  to  fit  the  gates.  This  Avas  one  of  the  greatest  diffi- 
culties with  which  they  had  to  contend  in  dealing  with  such  a  ques- 
tion. Some  of  the  models  which  had  been  shown  to  them,  whilst 
very  good  under  certain  conditions,  were  not  so  under  others.  The 
gates  which  moved  in  grooves  would  probably  work  satisfactorily 
at  first ;  but  they  had  to  bear  in  mind  that  a  cage  in  ordinary  use 
gradually  opened  out,  which  would  allow  the  gates  to  come  out 
of  the  grooves.  Gates  which  moved  up  and  down  standards  had 
an  advantage  in  this  respect ;  but  in  the  cages  of  many  pits  there 
was  no  room  for  standards — in  fact,  the  tubs  could  only  just 
scrape  in. 

Mr.  E.  W'.  Thirkell  (Aldwarke  Main  Colliery)  said  that  at  the 
colliery  under  his  charge  they  had  a  gate  worked  by  hand,  and  not 
automatically  ;  and  from  what  he  had  heard  and  seen  that  after- 
noon he  preferred  to  have  a  gate  worked  by  hand  to  one  that  was 
worked  automatically. 

Mr.  Isaac  Hodges  (Whitwood,  Normanton)  said  that  he  was 
originally  of  the  opinion  that  cage-gates  were  not  necessary,  by 
reason  of  the  abnormally  small  percentage  of  accidents  that  had 
occurred  during  winding.  The  collieries  with  which  he  was 
connected  had  been  running  over  half-a-century,  and  were  now 
lowering  and  raising  from  shafts  450  to  1,500  feet  deep  3,000 
men  per  day,  and  they  had  yet  to  have  their  first  winding  acci- 
dent involving  loss  of  life.  However,  after  Mr.  Pickering  had 
pointed  out  the  variety  of  accidents  that  had  occurred  during 
the  winding  of  men,  he  had  decided  to  look  into  the  question  and 
had  inspected  Mr.  Gill's  model  at  work.  He  was  struck  with  the 
ease  with  which  the  gate  was  fitted  to  the  cage,  its  simplicity, 
and  small  cost,  and  with  the  fact  that  it  was  practically  no  hind- 
rance during  the  winding  of  coal;  but  he  was  of  Mr.  Thirkell's 
opinion  that  the  gate  should  not  be  automatic.  He  thought  it 
better  that  the  cage  should  not  be  put  in  motion  until  the  gates 
had  been  closed,  which  appeared  to  be  impossible  if  the  opening 
and  closing  of  the  gates  depended  on  an  automatic  contrivance, 
as  that  would  still  allow  some  of  the  accidents  mentioned  by  Mr. 
Pickering  to  occur.     At  the  time  that  he  saw  Mr.  Gill's  model,  it 
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was  worked  by  the  banksman,  and  lie  had  come  to  the  conclusion 
that  that  method  was  more  certain  and  easier  of  adoption  than  if 
made  to  depend  on  mechanical  means. 

An  important  point  which  affected  this  question  of  cage-gates 
had  not  been  touched  upon.  He  referred  to  landing-  half-way 
down  a  shaft,  at  which  men  were  wound  at  irregular  intervals.  If 
automatic  cage-gates  were  used,  he  supposed  that  they  would 
open  and  shut  as  the  cage  passed  these  landings,  even  when  the 
cage  itself  did  not  stop.  He  presumed  that  the  appliances  to  work 
the  automatic  arrangement  would  be  fixed  at  these  landings,  as 
the  cage-gates  would  be  required  to  open  at  the  times  when  men 
desired  to  land  :  but  it  would  be  a  most  undesirable  thing  that  the 
gates  should  open  and  close  when  they  were  not  required. 

Modern  legislation,  in  the  sense  that  it  was  seeking  to  cripple 
winding-hours,  would  naturally  make  colliery-owners  wind  men 
at  a  special  winding-shaft.  That  being  so,  he  thought  it  also 
followed  that  colliery-owners  would  need  to  wind  men  from  land- 
ings in  shafts  more  in  the  future  than  in  the  past ;  and,  therefore, 
before  any  special  gate  was  decided  upon,  he  would  ask  colliery 
managers  to  consider  carefully  Mr.  Thirkell's  suggestion  that  the 
gates  should  be  worked  by  hand,  or  that,  if  automatic  gates  were 
adopted,  they  should  be  so  arranged  that  they  would  not  open  at 
those  times  when  the  cage  was  not  intended  to  stop. 

Mr.  John  Gerrard  said  that  if  they  were  to  wait  until  the 
fatalities  occurred  before  doing  anything  to  prevent  them,  they 
would  not  be  doing  what  was  right.  He  attached  great  importance 
to  the  opinions  of  Mr.  Thirkell,  but  he  thought  that  that  gentleman 
had  stopped  at  the  most  interesting  point  of  his  remarks.  He 
had  not  stated  why  he  preferred  a  non-automatic  appliance. 

Mr.  E.  W.  Thirkell  replied  that  he  preferred  such  appliances 
because  he  thought  that  they  were  safer.  The  risk  of  making  the 
remedy  worse  than  the  disease,  in  shafts,  was  so  awful,  that  he 
would  hesitate  to  do  anything  that  might  add  to  the  risks  which 
they  had  already  to  encounter.  At  his  colliery,  there  were  two  dif- 
ferent varieties  of  gate  put  in  to  suit  the  different  circumstances, 
and  neither  took  more  than  a  few  seconds  to  operate.  From 
actual  timing,  the  operation  averaged  1A  seconds  at  one  pit  and 
rather  over  2  seconds  at  another.  He  believed  that  it  was  possible 
to  make  an  efficient  gate  at  a  very  small  cost,  and  to  get  it  so  that 
it  would  be  (as  nearly  as  possible)  absolutely  certain  in  its  action. 
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Mr.  J.  Botterill  (Leeds)  wrote  that  it  was  generally  accepted 
amongst  factory  inspectors  and  lift  engineers  that  no  door  or 
gate  which  was  not  operated  automatically  was  a  sufficient  guard. 
The  greater  number  of  accidents,  such  as  falling  down  the  well, 
being  crushed  by  the  cage,  etc.,  had  happened  on  lifts  where  the 
doors  were  opened  and  closed  by  hand. 

It  was  this  experience  which  had  suggested  to  the  writer  the 
absolute  necessity  of  making  a  pit-cage  guard  automatic  in 
action.  It  was  easy  to  fix  a  gate  to  be  operated  by  hand,  but 
such  was  no  guard  at  all.  Long  experience  had  shown  that  men 
could  not  be  depended  upon  to  close  the  gate.  Numerous  instances 
could  be  quoted  where  even  the  lift  attendant,  whose  duty  it  was  to 
open  and  close  the  doors,  had  fallen  a  victim  to  his  own  carelessness. 

With  regard  to  Mr.  Stokes's  remarks  about  the  gate  closing 
before  the  cage  began  to  travel,  the  writer  thought  that  he  must 
have  overlooked  the  great  speed  at  which  the  cage  travelled. 
The  gate  invented  by  the  writer's  firm,  was  closed  before  the 
deck  to  which  it  was  fixed  had  disappeared  from  view,  and  could 
be  made  to  close  much  more  quickly  by  a  simple  alteration  in 
the  ratio  of  the  sprocket-wheels.  Inset  or  intermediate  openings 
presented  no  special  difficulty,  and  could  be  easily  arranged  so 
that  the  automatic  motion  need  only  be  used  when  required. 

Altogether,  he  could  not  see  how,  unless,  perhaps,  from  the 
point  of  view  of  cost,  a  gate  or  guard  operated  by  hand,  could  be  of 
any  advantage.  On  the  contrary,  it  appeared  to  have  many  dis- 
advantages, which  were  entirely  done  away  with  by  auto- 
matic action.  An  automatic  gate  would  always  be  sure  in  action, 
and  in  the  prevention  of  accidents  ;  and,  as  it  required  no  atten- 
tion, there  was  a  great  saving  of  time  and  trouble. 

Mr.  \Y.  H.  Pickering  (H.M.  Inspector  of  Mines,  Doncaster),  in 
replying  to  the  discussion,  said  that  his  object  in  writing  the  paper 
was  to  open  discussion.  He  did  not  believe  in  any  hard-and-fast 
rules  being  made,  and  he  would  like  to  point  out  that  at  their 
meetings  they  did  not  meet  together  as  inspectors  and  managers, 
but  as  mining  engineers.  Referring  to  Mr.  Hodges's  objection,  no- 
body would  advocate  automatic  gates  that  would  open  at  mid- 
insets,  as  it  was  suggested  they  might,  when  not  required  ;  whilst 
with  regard  to  what  Mr.  Stokes  had  said,  he  pointed  out  that  on 
most  of  the  models  before  them  the  automatic  apparatus  did  not 
begin  to  work  until  the  cage  was  practically  on  the  fallers. 
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A  question  had  been  raised  by  Mr.  Laverick  as  to  the  stability 
of  the  gates,  and  he  agreed  that  it  was  a  most  important  matter 
that  the  gates  should  be  sufficiently  rigid  to  withstand  the  shock 
of  a  man  falling  against  them.  He  agreed  also  that  the  gates 
must  be  made  to  fit  the  conditions ;  and,  whilst  appreciating  the 
difficulties  which  attended  the  fitting  of  gates  to  some  cages,  the 
best  use  possible  would  have  to  be  made  of  the  conditions.  As 
to  the  danger  of  cage-accidents,  he  agreed  with  what  Mr.  Gerrard 
had  said.  One  man  could  say,  perhaps,  that  nothing  had  ever 
happened  at  his  colliery,  and  therefore  that  there  was  no  danger  ; 
but  in  other  parts  of  the  district  the  same  could  not  be  said,  as 
shown  by  the  list  of  fatal  accidents  given  in  the  paper. 


Mr.  Gr.  J.  Binns  (President  of  The  Midland  Counties  Institu- 
tion of  Engineers)  then  took  the  chair. 


Mr.  Henry  Davis  read  the  following  paper  on  "  The  Applica- 
tion of  the  Hygrometer  in  Coal-mines  "  :  — 
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THE    APPLICATION    OF    THE    HYGROMETER    IN 
COAL-MI^ES. 


By  HENRY  DAVIS. 


One  of  the  most  interesting-  instruments  in  the  equipment 
employed  by  the  meteorologist  in  his  daily  observations  is  the 
hygrometer.  It  ascertains  the  amount  of  moisture  in  the  air; 
and.  besides  its  value  to  the  meteorologist  in  often  affording  a 
better  guide  as  to  the  probability  of  rain  than  the  barometer 
itself,  the  hygrometer  is  of  use  in  daily  life  as  a  guide  to  the 
proper  regulation  of  the  amount  of  moisture  for  places  where 
workpeople  are  engaged,  for  the  sick-room,  and  for  the  green- 
house. 

The  subject  has  been  treated  in  an  exhaustive  manner  by 
meteorologists,  and  ample  instructions  for  the  use  and  under- 
standing of  the  hygrometer  are  contained  in  a  work  by 
James  Glaisher.*  This  work,  however,  does  not  refer  to  the  ap- 
plication of  the  hygrometer  in  coal-mines  ;  and,  as  the  percentage 
of  moisture  in  the  air  has  a  very  important  bearing  on  the 
liability  or  non-liability  to  explosions  in  mines  subject  to  coal- 
dust,  and  also  on  the  health  of  the  miners,  the  writer  considers 
that  a  short  paper  explanatory  of  its  usefulness,  with  some  notes 
of  instruction,  may  prove  acceptable. 

The  subject  of  the  measurement  of  humidity  and  the  regula- 
tion of  moisture  in  the  air  in  coal-mines,  and  indeed  in  all 
mines,  is  so  essential  that  it  occurs  to  one  as  remarkable  that 
the  use  of  some  ready  means  of  measurement  has  not  been 
adopted  to  any  extent,  and  that  the  Government  has  not  thought 
fit  to  make  the  use  of  the  hygrometer  obligatory.  Since  the  year 
1901  the  Factory  and  "Workshops  Act  has  been,  and  still  is,  in 
force,  and  this  lays  down  precise  limits  as  to  the  grains  of 
vapour  per  cubic  foot  of  air  allowed  by  the  Act.  (References 
to  these  limits  will  be  made  later  on.)  As  it  is  more  than  possible 
that    some    rules    may    be    issued    for    the    guidance    of    mine- 

*  Hyqrometrical  Tables,  by  James  Glaisher. 
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managers,  these  notes  may  be  useful  if  considered  only  as  being 
preliminary  to  the  fuller  treatment  of  the  subject. 

Much  has  been  written  as  to  the  responsibility  of  coal-dust  for 
the  extension  of  some  of  the  most  disastrous  explosions  in  coal- 
mines, and  it  would  appear  that  spraying  the  mines  with  water 
is  the  best  preventive  remedy  to  control  such  extension ;  for, 
with  plenty  of  water  in  the  intake  roads,  it  would  seem  to  be 
impossible  for  coal-dust  to  be  held  in  suspension  in  sufficient 
quantity  to  explode  or  to  extend  an  explosion  of  fire-damp ;  but, 
so  far,  it  does  not  appear  that  any  scientific  system  as  to  the 
amount  of  watering  has  been  adopted. 

The  over- watering  of  roadways  in  warm  pits  is  undesirable, 
as  the  disease  known  as  ankylostomiasis  is  encouraged  by  ex- 
cessive moisture  in  a  warm  atmosphere.  The  ovum  produced 
by  the  anlcylostoma  duodenale  (miners'  worm)  nourishes  in 
warmth  and  moisture.  Dr.  J.  S.  Haldane  has  stated  that  labora- 
tory observations  show  that  the  larvae  are  unable  to  reach  the 
encysted  state  except  at  a  temperature  above  20°  Cent.  (68° 
Fahr.). 

It  is  therefore  undesirable  on  this  account  to  overwater  in 
pits  where  the  temperature  is  68°  Fahr.  and  above,  and  care 
should  be  taken  to  avoid  watering  in  the  immediate  vicinity  of 
the  miners'  latrines.  By  overwatering  is  meant  that  the  air  can- 
not be  more  than  saturated,  which  is  indicated  when  the  dry  and 
the  wet  thermometers  register  the  same  temperature. 

As  watering  more  or  less  saturates  the  air,  it  is  clear  that  the 
water  employed  should  be  clean :  none  should  be  used  which  is 
insufficiently  pure  to  drink,  as  dirty  water  contaminates  the  air 
breathed  by  the  miners. 

At  the  Shamrock  colliery,  Westphalia,  the  sprinkling  appar- 
atus is  only  put  into  action  by  the  foreman  blaster  three  minutes 
before  the  shot  is  fired,  and  kept  going  for  not  less  than  ten 
minutes  after  the  blast  or  miss-fire.* 

It  will  be  seen  that  care  is  desirable  to  ascertain  what  is  a 
sufficient  saturation  of  moisture  in  the  air  to  render  coal-dust 
inexplosive  by  precipitating  it  on  the  sides  and  floor  in  a  moist 
srate,  and  to  avoid  at  the  same  time  an  unnecessary  percentage 
of  moisture,  with  a  view  to  preserving  the  health  of  the  miner. 

'f  "  Ankylostomiasis,"  supplement  to  the  Colliery  Guardian,  1903,  page  19. 
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The  hygrometer ,  therefore,  should  be  employed :  and  the  most 
simple  instrument  is  known  as  the  Mason  hj'grometer,  which  con- 
sists of  two  identical  thermometers  placed  side  by  side.  One  has 
its  bulb  exposed  to  the  surrounding  air,  giving  the  temperature  of 
the  air,  while  the  other  has  muslin  tied  around  the  bulb,  to  which 
is  attached  an  absorbent  wick,  and  this  wick  is  led  into  a  vessel 
containing  rain  or  distilled  water,  an  arrangement  by  which  the 
muslin  is  kept  constantly  wet.  Care  should  be  taken  to  see  that  the 
muslin  is  wet  before  observations  are  carried  out.     The  evapora- 


Fig.    1. — Mason  Hygrometer 
for  fixing  against  a  wall, 

etc.,    for    use     ix    coal- 
mines, etc. 


Fig.  2.— Mason  Hygro- 
meter :  PORTABLE 
form  for  use  ix 
Coal-mines. 


tion  from  the  muslin  and  consequent  cooling  of  the  bulb  being 
in  proportion  to  the  dryness  of  the  air.  The  difference  of  the 
readings  of  the  two  thermometers  will  be  greatest  when  the  air  is 
driest,  and  these  will  read  alike  when  the  air  is  completely 
saturated  with  moisture. 

The  Mason  hygrometer  is  usually  constructed  so  as  to  be  affixed 
to  a  wall  in  any  convenient  position.  The  scales  are  made  of  porce- 
lain, so  that  they  are  easily  cleaned  and  practically  indestructible. 
Another  form  is  constructed  so  that  it  can  be  carried  from  place  to 
place.     Fig.   1  shows  a  Mason  hygrometer  with  its  tubes  well 
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apart.  A  web  separates  the  dry  and  wet  bulbs,  so  that  the 
evaporation  from  the  wet  bulb  will  not  reduce  the  temperature 
of  the  dry  bulb ;  the  case  protects  the  scales  and  tubes  from 
damage.  This  form  is  intended  to  remain  in  the  intake  roads 
for  regular  use. 

The  hygrometer  as  illustrated  in  fig.  2  is  designed  for  con- 
veyance, without,  fear  of  damage,  in  and  about  a  coal-mine,  and 
is  sufficiently  protected  for  carrying  in  a  travelling-bag',  a  plug 
being  provided  to  secure  the  water  in  the  vessel.  A  handle 
enables  it  to  be  carried  or  to  be  hung  on  a  nail,  the  bulbs  are 
small  and  very  sensitive,  and  always  sufficiently  exposed  to  take 
readings,  a  few  minutes  only  being  required  to  indicate  the  proper 
temperature.  This  may  be  hastened  by  gently  swinging  the 
instrument  in  the  air. 

The  thermometers  should  be  tested  and  certified,  at  the 
National  Physical  Laboratory,  Kew,  and  a  certificate  obtained 
shewing  any  necessary  correction  ;  they  should  be  graduated  on 
the  stem,  in  order  that  they  may  be  easily  and  accurately  read  by 
the  aid  of  a  miner's  lamp.  The  lamp,  however,  should  not  be 
held  too  long  or  too  near  the  bulbs,  as  the  heat  might  affect  the 
correct  reading;  preferably  the  lamp  should  be  held  on  the 
return  side. 

To  ascertain  the  amount  of  moisture  in  the  air,  that  is,  the 
degree  of  humidity,  it  is  necessary  to  observe  the  temperature  as 
shown  by  the  dry  and  wet  bulbs.  The  deductions  from  these 
readings  will  be  best  ascertained  by  reference  to  Glaisher's 
Hygrometrical  Tables ;  *  but  the  most  effectual  saturation  will  be 
more  or  less  regulated  by  local  conditions  and  the  experience 
gained  by  the  colliery  official. 

It  will  perhaps  be  instructive  to  repeat  some  readings  and 
results  from  the  abovenamed  work,  with  certain  explanatory 
notes.  In  Table  I.  the  saturation  of  air  is  taken  at  100,  and  the 
degree  of  humidity  is  given  as  a  percentage. 

It  will  be  seen  that  when  the  dry  and  wet  bulbs  read  alike 
the  air  is  saturated.  Should  it  be  desired  to  produce  a  degree 
of  humidity  of  83  per  cent,  when  the  dry  thermometer  stands 
at  65°  Fahr.,  then  the  roadway  should  be  watered  until  the 
wet   thermometer   reads    62°    Fahr.        Again,    should    the    dry 

*  Ninth  edition,  pages  14  and  15. 
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thermometer  read  68°  Fahr.,  and  it  is  desired  to  produce  a 
complete  saturation  of  moisture,  the  sprinkling  should  be  con- 
tinued until  the  wet  thermometer  also  reads  68°  Fahr. ;  and  so 
on. 

Table  I.— Hygrometrical  Readings. 


Readings  of  Thermometers. 

Humidity :  Saturation,  100. 

Amount  of  Vapour  in  a  Cubic 

foot  of  air. 
Barometer  reading,  29  inches. 

Dry. 

Wet. 

Degrees  Fahr. 

65 
65 
65 
68 
68 
68 

Degrees  Fahr. 

65 
62 
59 
68 
62 
59 

Percent. 

100 

83 

68 
100 

68 

56 

Grains. 
6-8 
5  6 
4-6 
7'5 
5-2 
4-2 

In  cotton-cloth  and  other  factories  where  humidity  of  the 
atmosphere  is  artificially  produced,  the  authorized  limits  are 
very  narrow.  It  may  be  useful  to  give  a  short  extract  from 
the  Government  Regulations  and  state  the  limits  of  humidity 
as  laid  down  in  Table  II.* 


Table  II. — Difference  between  Dry  and  Wet  Bulbs  allowed  by 
Cotton-cloth  Factories  Act. 


Amount  of  Vapour 

Dry-bulb 

Wet-bulb 

Humidity : 
Saturation,  100. 

per  Cubic  Foot 
of  Air. 

Thermometer 
Readings. 

Thermometer 
Readings. 

Grains. 

Degrees  Fahr. 

Degrees  Fahr. 

Per  cent 

5-10 

60 

58-0 

88-0 

5-20 

61 

59  0 

88-0 

5-40 

62 

60-0 

88-0 

5-60 

63 

61-0 

88-0 

5-80 

64 

62  0 

88-0 

6  00 

65 

63-0 

88-0 

6  20 

66 

•  64  0 

88-0 

6-40 

67 

65  0 

880 

6  60 

68 

66-0 

8S-0 

6  90 

69 

67-0 

88-0 

7-10 

70 

68-0 

880 

7-10 

71 

68-5 

855 

7-10 

72 

69  0 

84-0 

7-40 

73 

70  0 

84-0 

7-40 

74 

70-5 

81-5 

7-65 

75 

715 

81*5 

7-70 

76 

72-0 

79-0 

8-00 

77 

73  0 

79  0 

8-00 

78 

73-5 

77-0 

8-25 

79 

74-5 

77'5 

8-55 

80 

75-5 

77-5 

*  Factory  and  Workshop  Act,  1901  [C.H.22],  pages  49  to  95  and  96. 
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"  Section  90  (chap.  22). — In  every  room,  shed  or  workshop  or  part  thereof  in 
which  the  weaving  of  cotton-cloth  is  carried  on  (in  this  Act  referred  to  as  a 
"  cotton-cloth  factory"),  the  following  provisions  shall  have  effect :  — 

"  (1)  The  amount  of  moisture  in  the  atmosphere  must  not  at  any  time  be  in 
excess  of  such  amount  as  is  represented  by  the  number  of  grains  of  moisture  per 
cubic  foot  of  air  shown  in  column  1  of  the  table  in  the  fourth  schedule  to  this  Act, 
opposite  to  such  figure  in  column  2  as  represents  the  temperature  existing  in  the 
cotton-cloth  factory  at  that  time." 

"Provided  that  the  temperature  shall  not  at  any  time  be  raised  by  any 
artificial  means  whatsoever  (except  for  gas  used  for  lighting  purposes  only  above 
70°),  except  in  so  far  as  may  be  necessary  in  the  process  of  giving  humidity  to  the 
atmosphere." 

"  (2)  The  fact  that  one  of  the  wet-bulb  thermometers  in  the  factory  gives 
a  higher  reading  than  the  figure  shown  in  column  3  of  the  said  table,  opposite  to 
such  figure  in  column  2  as  represents  the  temperature  existing  in  the  factory, 
shall  be  evidence  that  the  amount  of  moisture  in  the  atmosphere  exceeds  the  limit 
prescribed  by  this  section." 

When  the  wet  and  dry  bulbs  show  less  difference  than  above, 
there  is  more  humidity  than  the  Act  allows.  Temperatures  below 
60  and  above  80°  Fahr.  are  excised  in  the  above  reference. 

To  obtain  accuracy  in  ascertaining  the  degree  of  humidity, 
corrections  have  to  be  made  with  reference  to  the  height  of  the 
barometer,  but  within  ordinary  ranges  the  corrections  are 
minute,  and  may  be  neglected  for  the  purpose  in  view. 

The  enforced  employment  of  the  hygrometer  in  coal-mines 
will  add  one  more  lesson  for  the  colliery  manager  to  learn  to 
his  already  long  list  of  subjects ;  but  the  writer  maintains  that 
considerable  interest  and  pleasure  will  be  attached  to  the  study 
of  the  subject  and  its  general  application,  and  will  well  repay 
the  labour  expended. 


Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines,  Derby),  in  pro- 
posing a  vote  of  thanks  to  Mr.  Davis,  suggested  that  the  author 
should  exhibit  one  of  the  instruments  at  the  next  meeting  of  the 
members,  as  its  presence  would  do  more  to  facilitate  the  discus- 
sion than  any  amount  of  explanation.  He  (Mr.  Stokes)  had 
made  a  large  number  of  hygrometrical  experiments  in  coal-mines, 
and  he  would  endeavour  to  submit  them  in  the  form  of  a  short 
paper  at  the  next  meeting. 

The  Chairman  (Mr.  G.  J.  Binns),  in  seconding  the  vote  of 
thanks,  said  that  Mr.  Davis's  paper  took  them  a  step  further  in 
the  scientific  investigation  of  mining  science;  and,  if  Mr.  Davis 
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would  produce  the  hygrometer  and  Mr.  Stokes  the  results  of  his 
experiments,  that  would  take  them  a  step  still  further. 

Mr.  Henry  Davis  said  that  one  of  H.M.  Inspectors  of  Mines 
had  informed  him  that  he  had  recently  made  upwards  of  5,000 
hygrometrical  observations  in  coal-mines,  and  that  he  was  still 
carrying  on  an  investigation  of  this  nature  for  the  Eoyal  Com- 
mission on  Mines.  This  led  him  to  suppose  that  the  subject 
might  be  brought  prominently  before  the  notice  of  colliery 
managers  in  the  near  future. 


DISCUSSIOX  OF  ME.  JONATHAN  AVEOE'S  "NOTES 
OX  A  RECENT  rXDEEGROITXD  FIEE  AT 
AYHARXCLIFFE  SILKSTOXE  COLLIERIES,  AND  THE 
TSE  OF  EESCFE-APPAEATTS  IX  COXXECTION 
THEEEAYITH,"*  AND  OF  SEEGEAXT  ARTHUR  T. 
TVIXBORX'S  "  XOTES  OX  RECENT  EXPERIEXCE  IX 
THE  PBACTK  AL  USE  OF  EESCTE-APPAEATUS.''t 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines,  Derby)  thought 
that  matters  appeared  now  to  be  moving  very  fast  in  regard  to 
this  question.  "Would  it  not  be  advisable  to  hesitate  a  little  and 
review  the  position  ?  He  saw  from  a  statement  in  the  news- 
papers that  the  Eussian  Minister  of  Trade  had  issued  regulations 
that  there  must  be  so  man}-  trained  men  and  apparatus  always 
ready  at  "  every  colliery. "  According  to  this  standard,  Great 
Britain  would  require  7,000  appliances  and  -J0,000  trained  men. 
They  had  to  look  at  the  matter  in  a  practical  way,  and  not  come 
to  a  hasty  conclusion  that  many  lives  were  going  to  be  rescued. 
All  honour  was  due  to  those  men  who  had  responded  to  the  call 
and  risked  their  lives  by  going  down  the  pit  at  Hamstead.  It 
was  only  what  was  expected,  and  what  would  always  be  expected, 
of  miners  whenever  they  were  called  upon.  He  had  himself 
been  in  a  tight  corner  more  than  once,  but  had  never  failed  to 
get  help  from  the  colliers  when  duty  called  upon  them  to  risk 
their  lives  in  the  cause  of  humanity. 

There  had  been  two  recent  occasions  when  a  trained  body  of 
men  had  been  called  upon  to  use  the  apparatus  for  the  rescue  of 
life.     In  the  Courrieres   disaster  a  life  was  lost,   and  again   at 

*  Trans.  Inst.  31.  E.,   1908,  vol.  xxxv.,  page  2.        f  Ibid.,  page  7. 
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Hamstead  another  life  was  lost.  In  both  cases  the  men  did  nobly  : 
but,  in  view  of  such  experiences,  was  it  not  right  that  men  who 
risked  their  lives  should  ask  mining  engineers  to  do  all  that  was 
possible  for  their  safety  ?  With  reference  to  what  occurred  at  Ham- 
stead  colliery,  he  had  asked  himself  the  question  as  he  saw  the 
men  descend  the  mine :  supposing  some  men  were  found  alive, 
what  could  be  done  ?  They  certainly  could  not  be  brought  to  the 
pit-bottom  through  nearly  a  mile  of  low  roadway  and  noxious  air. 
It  was  a  question  which  he  found  himself  unable  to  answer.  Since 
the  Hamstead  case,  a  gentleman  had,  in  view  of  similar  disasters, 
suggested  that  cans  of  compressed  food  should  be  provided,  and 
that  sufficient  for  fifty  persons  should  be  kept  in  the  mine  at 
various  parts  of  the  workings  ;  but  if  the  same  gentleman  could 
suggest  how  tins  of  compressed  fresh  air  could  be  stocked  in  the 
mine,  it  would  be  of  far  greater  value. 

Another  point  that  struck  him  at  Hamstead  was  that  men 
were  sent  down  into  a  noxious  vapour.  They  had  lights,  but 
they  were  of  diminished  utility  in  such  an  atmosphere,  and  they 
had  to  grope  their  way  into,  what  was  to  them,  an  unknown  mine. 
They  did  not  know  where  they  were  going,  but  had  to  explore  their 
way.  It  seemed  to  him  that  when  men  were  taking  such  risks  it 
ought  to  be  possible  to  trail  a  length  of  telephone  wire  after  them. 
Half-a-mile  of  telephone  wire  would  be  very  light,  and  the  mem- 
bers of  the  exploring  party  would  by  its  use  be  able  to  establish 
communication  with  the  top  or  bottom  of  the  pit.  At  Hamstead 
collier^',  if  the  men  had  had  a  wire  and  a  small  telephone  instru- 
ment, they  could  have  kept  in  touch  with  those  engineers  who 
were  in  charge  ;  they  could  have  called  for  help  when  in  difficulty ; 
and  they  would  have  had  greater  confidence  in  their  progress, 
knowing  that  their  wants  and  their  discoveries  could  be  instantly 
made  known  either  by  speaking  or  by  signal ;  and,  further,  that 
should  they  lose  themselves  in  the  intricacy  of  the  workings  they 
had  a  trail  by  which  to  find  their  way  back  to  the  shaft.  It  sug- 
gested itself  to  him  that  the  last  man  of  an  exploring  party  was 
the  man  to  have  charge  of  the  telephone  or  signalling-apparatus. 
He  failed  to  see  how  the  men,  if  found,  could  be  brought  out  unless 
an  appliance  for  each  man  was  carried  into  the  mine ;  otherwise, 
it  would  be  impossible  to  get  them  through  hundreds  of  yards  of 
poisonous  air.  Could  workmen  who  probably  had  never  seen  such 
an  apparatus  be  persuaded  to  put  it  on  ;  and,  when  adjusted,  could 
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they  be  expected  to  travel  long  distances  under  such  excitement 
and  unusual  conditions?  These  were  questions  which  required 
their  careful  consideration  as  mining  engineers.  There  were 
occasions  when  such  appliances  would  be  invaluable,  such  as  in 
building  stoppings,  turning  or  restoring  ventilation,  exploring  in 
advance  of  the  air-current,  and  in  other  similar  operations,  and 
he  hoped  that  there  would  soon  be  a  corps  of  trained  men 
available  for  all  mines. 

Mr.  E.  W.  Thirkell  (Aldwarke)  said  that  it  must  strike  them 
all  as  practical  men  that  it  was  extremely  unfair  to  call  upon 
one  district  to  do  work  for  another  district  which  it  ought  to  do 
for  itself.  There  were  at  present  only  two  rescue-stations,  one 
at  Nonnanton  and  the  other  at  Tankersley ;  and  the  men  at  these 
stations  were  expected  to  respond  to  the  call  to  go  from  one 
district  to  another.  Men  were  always  quite  willing  to  risk  their 
lives  within  reasonable  limits  ;  but  he  thought  that  they  would 
all  agree  with  him  that  it  was  not  right  that  they  should  be 
expected  to  go  into  strange  pits.  The  question  asked  by  Mr. 
Stokes,  as  to  how  a  man  was  to  be  got  out  if  found  alive,  was 
an  important  one.  Could  the  person  wearing  the  apparatus  carry 
a  spare  apparatus  with  him  for  the  use  of  the  imprisoned  man 
while  going  through  that  part  of  the  workings  where  the  air  was 
irrespirable  ? 

The  appliances  were  undoubtedly  very  useful  for  exploration 
purposes,  re-arranging  ventilation,  etc.,  as  at  Wharncliffe  Silk- 
stone  colliery ;  but  he  had  not  heard  that  life  had  actually  and 
directly  been  saved  by  their  use. 

The  suggestion  that  explorers  should  carry  a  telephone  wire 
with  them  was  interesting,  but  could  they  use  it  when  wearing 
the  apparatus?  Even  if  they  could  not  do  so,  however,  the  wire 
would  serve  as  a  guide  in  case  they  missed  their  way  coming 
back ;  and  it  might  also  be  used  Avith  advantage  some  distance 
from  the  shaft  before  the  irrespirable  air  was  met  with. 

Mr.  A.  Lucas  (Sheffield)  said  that  at  the  last  meeting  Mr. 
Harry  Rhodes  had  suggested  that  Mr.  AVroe's  paper  would  be 
more  complete  if  the  cause  of  the  fire  were  stated;  and,  as  the 
speaker  was  asked  to  make  an  inspection  of  the  electrical  plant 
as  soon  as  the  haulage  house  was  cool  enough  to  enter,  a  state- 
ment from  him  (Mr.  Lucas)  would,  perhaps,  not  be  out  of  place. 
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The  electrical  equipment  of  the  haulage  plant  consisted  of  a 
conipound-woimd  motor  of  120  brake-horsepower,  with  a  tram- 
way-type controller  and  six  resistance-boxes  immersed  in  oil.  Pre- 
sumably in  order  to  economize  space,  the  resistance-boxes  with 
their  cable-connections  from  the  controller  were  placed  under  the 
floor  of  the  haulage  house,  a  somewhat  inaccessible  place  with 
little  or  no  ventilation.  The  resistances  were  arranged  for  starting 
the  motor  slowly  against  a  full  load,  but  not  for  continuous-speed 
regulation,  which  was  afterwards  adopted.  The  motor  never  ran 
at  full  speed  ;  in  consequence,  some  of  the  resistances  remained 
permanently  in  circuit,  and  became  very  hot.  The  cooling  action 
of  this  oil  in  the  boxes  was  interfered  with  by  an  accumulation 
of  dirt. 

In  the  speaker's  opinion,  the  tire  originated  in  the  oil-boxes, 
where  the  oil  became  ignited  either  by  the  excessive  heating  of 
the  resistances  or  by  a  spark  from  a  loose  cable  or  grid  connec- 
tion :  for  although  the  flash-point  of  the  oil  was  about  365°  Fahr., 
its  temperature  would  be  raised  to  a  point  dangerously  near  to 
that  temperature  by  the  hot  resistances.  The  lesson  to  be  learnt 
from  this  was  that  electrical  apparatus  which  required  inspec- 
tion should  be  placed  in  a  convenient  place,  to  keep  flame-tight 
boxes  tightly  covered,  and,  in  the  case  of  oil-cooled  apparatus,  to 
change  the  oil  occasionally.  If  the  resistances  became  too  hot. 
the  cause  should  be  investigated,  and  their  area  where  necessary 
increased  sufficiently  to  reduce  their  temperature.  In  the  case  in 
question  the  number  of  resistance-boxes  was  increased  from  six  to 
nine,  and  they  were  fixed  in  the  fresh  air,  where  they  could  be 
readily  seen  and  inspected  by  those  in  charge. 

It  was  one  of  those  cases  where  someone  made  a  confession  for 
the  benefit  of  others,  and  Mr.  George  Blake  Walker  should  be 
thanked  rather  than  criticized  for  allowing  the  statement  as  to 
the  cause  of  the  fire  to  be  made  public. 

Mr.  Hexry  Davis  (Derby)  said  that  Mr.  Stokes  had  suggested 
that  he  (the  speaker)  should  tell  the  members  what  was  the  weight 
of  a  length  of  copper  wire.  The  weight  would  be  a  bagatelle,  as 
an  extremely  light  wire  was  sufficient  to  convey  the  necessary  cur- 
rent for  telephonic  communication.  For  the  purpose  mentioned,  a 
twin  silk-covered  wire  on  a  small  bobbin  would  be  all  that  would 
be  necessary.  Half-a-mile  of  No.  20  gauge  twin  copper-wire 
weighed  about  20  pounds.     He  thought  that  they  would  all  agree 
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that  the  better  equipment  of  telephones  in  collieries  was  im- 
portant. The  difficulty  in  cases  of  the  kind  was  to  know  whether 
there  was  human  life  in  the  pit.  A  system  of  galvanized-iron 
telephone  wires  was  inexpensive,  and  portable  telephones  could 
be  carried  by  deputies  so  that  they  might  communicate  with  each 
other. 

The  Chairman  asked  whether  it  was  not  a  fact  that  telephone 
wires  had  been  in  existence,  but  had  been  destroyed  by  the  fire. 
Mr.  Davis  had  suggested  that  this  mode  of  signalling  should  be 
fitted  ;  and  no  doubt  the  communications  would  be  all  right,  so 
long  as  they  were  not  damaged  by  the  fire. 

Mr.  D.  Russell  (Thorncliffe)  said  that  he  did  not  think  there 
was  a  breathing-instrument  in  use  that  would  allow  of  the  use 
of  the  telephone.  The  Drseger  apparatus,  for  example,  was  fixed 
by  a  pneumatic  joint  round  the  head,  and  could  not  be  taken  off 
to  commvmicate  by  speech  with  a  telephone. 

The  further  discussion  of  the  paper  was  adjourned. 
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MIDLAND  INSTITUTE  OF  MIXING,  CIVIL  AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 

Held  at  the  Reindeer  Hotel,  Doncaster,  Mat  27th,  1908. 


Mr.  W.  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  Joint  General  Meeting  held  on  April  Tth, 
1908,  were  read  and  confirmed. 


The  following  gentlemen,  having  been  duly  nominated,  were 
elected :  — 

Members- 
Mi-.  Godfrey    M.    May,    Mechanical    Engineer,    Broad   Oaks    Iron    Works, 

Chesterfield. 
Mr.  David   Thomas  Protheroe,  Colliery  Manager,   Ackton  Hall  Collier}-, 

Featherston,  near  Pontefract. 


ALTERATIONS   IN    THE   RULES. 

Notice  was  given  of  alterations  in  Rules  Nos.  4,  5,  and  7,  to 
be  proposed  at  the  general  meeting  to  be  held  in  July  nest. 

The  President  (Mr.  TV'.  Walker)  gave  notice  that  on  the  copies 
of  the  proposed  Rule  No.  5,  which  had  been  circulated  amongst 
the  members,  the  words  "  six  months  shall  "  should  read  "  six 
months  may."' 


25 
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MIDLAND   INSTITUTE   OF   MIXING,    CIVIL  AND 
MECHANICAL   ENGINEERS. 


EXCURSION-MEETIXU, 
May  27th,  1908. 


A  visit  was  paid  to  the  works  of  the  Great  Northern 
Railway  Company.  Doncaster.  In  the  absence  of  Mr.  Ivatt 
(Superintendent).  Mr.  Wintour  received  the  members,  who  were 
conducted  through  the  fitting,  constructing,  and  repairing  shops, 
foundries,  and  carriage-building  shops. 

The  President  (Mr.  W.  "Walker)  proposed,  and  it  was  unani- 
mously agreed,  that  the  best  thanks  of  the  Institute  be  given  to 
the  Great  Northern  Railway  Qompany  for  their  kindness  in 
allowing  the  members  to  inspect  the  works. 


The   members    afterwards   visited   Frickley   colliery,    at   the 
invitation  of  the  Carlton  Main  Colliery  Company,  Limited. 

A  vote  of  thanks  was  passed  to  the  Colliery  Company  for  their 
kind  invitation  and  hospitality. 


FRICKLEY   COLLIERY. 

Shafts. — The  shafts  are  23  feet  in  diameter,  finished  size,  the 
brickwork  lining  being  14  inches  thick.  The  actual  sinking  of 
the  shafts  commenced  in  April.  1903.  and  the  Barnsley  seam  was 
reached,  at  a  depth  of  1,995  feet,  in  May,  1905.  The  greatest 
quantity  of  water  was  met  with  between  the  surface  and  the 
Shafton  seam,  which  is  70S  feet  below  the  surface,  and  this 
water,  amounting  to  4,000  gallons  per  hour,  is  collected  in  the 
Shafton  seam,  and  thence  pumped  into  a  reservoir  at  the  surface. 

Pumps. — The  pump  is  of  the  Evans  Cornish  direct-acting 
steam-driven  type,  22  inches  in  diameter,  with  a  stroke  of  24  inches 
and  a  7-inch  double-acting  ram :   and  it  is  capable  of  delivering 
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10,000  gallons  per  hour,  against  a  head  of  810  feet.  It  is 
intended  to  add  another  pump  to  duplicate  this,  but  that  will  be 
a  motor-driven  three-throw  pump.  A  small  pump  is  also  to  be 
fitted  in  the  sump  below  the  Barnslev  seam,  for  pumping  the 
water  collected  in  the  shaft  below  the  Shafton  seam  into  water- 
tanks  in  the  workings.  This  water  amounts  to  about  500  gallons 
per  hour,  and  the  pumps  will  be  of  the  centrifugal  type,  with 
2-inch  inlet,  and  motor-driven. 

Sinking  Engines. — -Both  pairs  of  sinking  engines  have 
cylinders  2G  inches  in  diameter,  with  a  stroke  of  5  feet,  and 
drums  12  feet  in  diameter  and  9  feet  wide,  keyed  on  the  crank- 
shafts, and  fitted  with  steam-  and  foot-breaks,  worked  indepen- 
dently, and  steam-reversing  engines.  The  pair  of  engines  at  the 
No.  2  or  upcast  pit  are  now  winding  coal  at  the  rate  of  six  full 
tubs  per  wind,  each  tub  holding  10  hundredweights. 

Winding-engines.- — These  have  cylinders  48  inches  in 
diameter,  with  a  stroke  of  7  feet  0  inches,  and  a  winding-drum 
24  feet  in  diameter  by  12  feet  in  width.  The  engines  are  fitted  with 
Cornish  double-beat  valves  and  steam-reversing  gear.  The 
Barnes-and-Markham  patent  automatic  cut-off  is  also  fitted. 
The  cages  are  made  to  hold  twelve  tubs,  six  on  each  deck,  and  are 
guided  by  lock-coil  ropes,  1|  inches  in  diameter,  six  to  each  cage, 
and  two  similar  ropes  hung  between  the  two  cages.  The  wind- 
ing-ropes for  these  cages  will  be  of  the  lock-coil  type,  6|  inches 
in  circumference,  and  fitted  with  Elliott  patent  rope-socket>. 
The  winding-ropes  at  the  upcast  pit  are  also  of  the  lock-coil  type, 
4j  inches  in  circumference,  and  are  fitted  with  the  same  type  of 
socket. 

Headgear. — The  headgear  at  No.  1  or  downcast  pit  is  made  of 
steel.  It  is  56  feet  high  and  the  main  legs  are  2  feet  3  inches 
square,  the  corner  angles  being  5  by  5  by  f  inches.  The  headgear 
pulleys  are  20  feet  in  diameter;  the  headgear  at  the  upcast  pit  is 
made  of  wood,  but  preparation  is  made  for  erecting  a  steel  head- 
gear at  a  later  date. 

Ventilation. — The  ventilation  is  produced  by  a  Walker 
''Indestructible"  fan,  24  feet  in  diameter,  driven  by  vertical 
compound  engines,  with  valve-gear  of  the  Corliss  type.  The 
high-pressure  cylinder  is  23  inches  in  diameter,  the  low-pressure 
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cylinder  38  inches  in  diameter,  and  the  stroke  3  feet.  The  drive 
is  by  thirteen  cotton  ropes,  If  inches  in  diameter.  The  crank- 
shaft pulley  is  15  feet  in  diameter,  and  the  fan-shaft  pulley  9  feet 
in  diameter.  The  fan  is  designed  to  exhaust  400,000  cubic  feet 
of  air  per  minute  at  a  "water-gauge  of  4  inches,  when  the  engines 
are  running  at  GO  revolutions  per  minute.  At  present  the  fan  is 
exhausting  150,000  cubic  feet  per  minute  with  a  1'3  inches  water- 
gauge. 

Boilers. — There  are  twelve  Lancashire  boilers,  each  30  feet 
long  and  9  feet  in  diameter,  working  at  a  pressure  of  120  pounds 
per  square  inch.  They  are  fitted  with  Bennis  mechanical  stokers 
and  firebars,  the  coal  being  supplied  to  the  latter  by  creepers 
from  a  bunker.  The  return-chain  of  the  creeper  conveys  the  ashes 
into  wagons. 

Electric  Generator. — The  generating  plant  at  present  consists 
of  one  unit,  as  follows: — A  250-kilowatt  alternator,  direct- 
driven  at  a  speed  of  375  revolutions  per  minute  by  a  Belliss- 
Morcom  3-cylinder  engine,  developing  360  brake  horsepower. 
The  current  is  three-phase,  at  a  voltage  of  550,  the  periodicity 
being  50  cycles  per  second.  It  is  intended  to  instal,  as  a  dupli- 
cate set  to  the  above,  an  alternator  direct-driven  b}*  an  exhaust 
turbine,  using  the  steam  from  the  fan-engines  and  haulage- 
engines,  and  working  in  conjunction  with  a  large  condenser. 
The  switchboard  is  constructed  of  enamelled  slate,  with  generator- 
panel,  two  feeder-panels,  transformer-panels,  and  two  lighting 
panels.  The  550-volt  current  is  transformed  to  220  volts  for 
lighting  purposes.  Current  is  taken  down  the  pit  h\%  means  of 
three  single  conductors,  at  550  volts,  part  being  transformed  to 
220-volts  for  lighting  purposes;  and  the  remainder  will  later  be 
used  for  driving  the  main  haulage,  the  auxiliary  haulage  being 
driven  by  compressed  air. 

Screens. — The  screens  are  erected  between  the  two  shafts, 
which  are  357  feet  apart,  and  are  carried  on  massive  brick  walls, 
and  covered  by  a  slated  roof.  In  all,  three-quarters  of  an  acre 
is  covered  by  this  roof.  The  screens  are  of  the  ordinary  shaker 
type,  delivering  the  coal  on  to  eight  belts.  Four  belts  are  for 
coal  and  four  for  nuts.  There  are  six  tipplers  of  the  reversible 
rotary  type,  and  the  tippler-platform  is  so  graded  that  the  tubs 
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run  from  the  cages,  through  the  tipplers,  and  back  to  the  cages, 
without  "any  handling  or  tub-creepers.  All  the  screening 
machinery  is  driven  by  electric  motors.  At  present,  the  coal  is 
being  drawn  up  the  upcast  shaft,  and  from  this  shaft  it  is  con- 
veyed by  a  novel  tub-creeper,  266  feet  from  centre  to  centre  of 
drums,  to  the  screens,  and  is  then  hoisted  to  the  proper  level  by 
a  steam-hoist.  The  empty  tubs  are  hauled  back  along  the 
gantry  by  the  return-chain  of  the  tub-creeper. 

Air-compressors. — There  is  also  in  course  of  election  a  hori- 
zontal compound  air-compressor,  with  a  high-pressure  steam- 
cylinder,  27  inches  in  diameter;  an  air-cylinder,  26|  inches  in 
diameter ;  a  low-pressure  steam-cylinder,  49  inches  in  diameter ; 
an  air-cylinder,  43  inches  in  diameter,  by  5  feet  stroke,  fitted  with 
Corliss  valves  and  intercooler,  and  made  to  deliver  air  at  a  pres- 
sure of  100  pounds  per  square  inch. 

Haulage. — The  present  underground  haulage  is  of  the  endless- 
rope  type,  worked  by  means  of  the  engines  which  previously 
worked  the  sinking-scaffold  capstans,  and  have  cylinders  13 
inches  in  diameter,  with  30  inches  stroke,  being  geared  11^  to  1  to 
a  surging-wheel  8  feet  in  diameter,  working  a  strap-rope  down 
the  shaft.  This  strap-rope  is  1J  inches  in  diameter,  and  drives 
a  vertical  shaft  in  the  pit,  with  surging-wheels  6  feet  in  diameter, 
fitted  with  friction-clutches.  There  are  three  endless  ropes  at 
present  working,  all  driven  by  the  one  strap-rope,  one  being  1 
inch  in  diameter,  about  1,500  feet  long,  and  this  again  drives  two 
other  ropes  |  inch  in  diameter,  each  about  1,500  feet  long.  This 
haulage  is  really  temporary,  as  the  permanent  haulage  will  be 
driven  electrically  and  by  compressed  air,  as  before  mentioned. 

Miscellaneous. — A  lamp-room  is  being  erected  to  hold  3,000 
lamps,  which  are  of  the  Thomeburry  type.  A  substantial  block 
of  workshops,  240  feet  long  by  50  feet  wide,  has  been  erected,  and 
comprises  blacksmiths',  fitting,  and  carpenters'  shops,  as  also  a 
saw-mill,  all  well  stocked  with  machinery.  A  store-room,  70  feet 
long  by  50  feet  wide,  is  also  erected.  The  stables  contain  loose 
boxes,  stalls,  coach-houses,  and  an  electrically-driven  forage-plant, 
consisting  of  chopper  and  three  crushing  mills  for  corn,  beans, 
and  peas,  and  large  enough  to  deal  with  one  week's  food-supply 
for  150  horses  in  one  day.     Two  sis-wheeled  coupled  locomotives, 
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with  cylinders  12  inches  in  diameter  and  18  inches  stroke;  and 
another  with  cylinders  18  inches  in  diameter  and  24  inches 
stroke,  will  shortly  be  at  work.  A  water-softening-  plant,  for 
dealing  with  15,000  gallons  of  water  per  hour,  is  being  erected, 
and  this  will  also  raise  the  temperature  of  the  feed-water  to  180° 
Fahr.,  the  exhaust  steam  from  the  winding-engines  being  used 
to  attain  this  end. 
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